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They are joined by disulfide bonds very near their 
C - cermini . 

Each subunit is made up of a series of tightly- 
folded globular domains, each of which is specialized for 
05 binding co other molecules or to cells. Hynes . R.. Ann^ 
— „ en , Biol. , 1:67-90 (1985). They are composed of a 
series of homologous repeating units of three types: 
Type I and II homologies, which are disulfide -bonded 
loops each *5-50 amino acids long, and Type III homo- 
10 logies. which are 90 amino acids long and lac, disulfide 
bonds. Patel. U.S. et al.. The_EMBO_Jou r na 1 , 6:2565-2572 
(1987). Hynes. MukJ ev_Ce ll_Bi ol. . 1: 67-90 (1985). 
Recombinant DNA analyses have shown that although dif- 
ferent subunits differ in parts of their primary 
15 sequence, they arise from a single gene and are identical 
over much of their sequence. Kornblihtt et a 1 . . 
P r o c e e dj.nj£S__o_£_tJ\e^Na^ - io_nal — Aca_demv — of_Sciences_, H§A . 
17:3218-3222 (1983). More than 90% of the sequence of 
fibronectin is made up of repeats of these three homo- 
20 logies. However, studies have indicated that fibro- 
nectins from different sources, e.g.. fibroblasts 
(cellular) and plasma, are not identical. For example, 
plasma fibronectin contains subunits of two different 


plasma, i^wtw 

abilities on SDS - polyacry lamide gels and fibronectin 
25 from fibroblasts (cellular fibronectin) shows a differe 
subunit pattern. Paul. J.I. £t al. . J, Biol. Chem. .. 
261:12258-12265 (1986). 

~~~ Recently, ic has been confirmed that two Type III 
repeats, designated EIIIA-and EIIIB . are alternatively 
30 spliced and are each encoded by a single exon Both 
EIIIA and EIIIB are always omitted by liver cells. 
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0F RECOM_ BINANT_FIBRONECTIN_IN 
GEJIETICALl-Y^ENGINE^RED^CELLS 


Background . . 

~~ The interactions of cells with one another and with 

. i / ~ iRjtrrices solid surfaces) 

05 extracellular materials (e.g.. matrices. 

f vital importance for cell function. These inter- 


actions have major effects on the proliferation, differ- 
entiation, and organization of cells. These interactions 
are often mediated by a class of high molecular weight 
glycoproteins that are involved both in these inter- 
actions and in the actual structure of extracellular 
maC rices. One important glycoprotein of this class is 
fibronectin. Hynes . R.O., »m. ^ Cell. Biol. . 1:67-90 

(1985) ; Hynes, R.O.. Scientific .America n . 254:42-51 

(1986) ; Hynes. R.O. and K.M. Yamada. J^Cel l^B iol^ . 
95:369-377 (1982). 

"" Fibronectins are high molecular weight glycoproteins 
involved in cell adhesion, morphology and migration. 
Fibronectin has been shown to consist of a dimer of two 
20 subunits. each about 250 kilodaltons in size. The two 
subunits. which are similar, but not necessarily iden- 
tical each fold into an elongated and flexible arm. 


10 


15 
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For example, fibron.ctin is though* to play en 

Important role in th. cell proe involved in tissue 

repair particularly wound healing. The ability to 
repair damaged tissue, wound healing, represents an 
OS important response to i. ury th at is-.. 

:r«eIentiatio„ of a nu.b.r - — ".T// ^ 

10 in addition. «. « - 

11 surface receptor, of the inc.grin glyeoprocexn 


" bry °' , •« .xor.s.ed at high levels in healing 

15 Fibron.ctin is expres.eo e 

a It is derived fro. two sources: plasma £l br. 

' which is present in th. exudate fro. da.aged 
""f * * cellu l.r fibron.ctin. which is syn- 

T' 7"cll "tn the wound tissue. Fibron.ctin 
.he.iz.d locally ^ migI ation inkier* of four 

20 a "" r cell "p • that migrate into th. ar.a of th. wound, 
"brobla-cs and epithelial cells are sci.ul.t.d to 
migrate by fibronectin. 

Presently, only pl-s.- fibron.ctin is available 

, for th.r.p.utic use.) in quantity. H «. - is 

" ( *- S " . of variant, and is impure and. thus, its use in 
. .»„«. of vari^ ^ o^cicularly in those 

in which a pur., form or a combination of 
.elected variants, rather than a mixture of variants. 
30 would be .or. effective. 
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15 


a Uhou 8 h both can be included by other cell s and all 

possible combinations occur. Because both EIIIA and 
EIIIB are omitted by hepacocyces . neither repeat occurs 
in plasma fibronectin. It is interesting to note that a 
third region, designated V, is also ' l " S "" 1 " l3r 
spliced. Unlike EIIIA and EIIIB. however, it is alter 
natively spliced both in fibroblasts and -pacoc^e, 

T F e t al ■ TheE MBO Jo urnal. 6.2573 ZDBU 
Schwarzbauer , J.t. e_c j*± • • iiS 

(l ,.7>. Thus , Che V r.alon can he pr.senc in boch ,1..-. 
tlb<....d. fibrobl.sc or cellular £««.».«». For 

..llul« flb..-.«i- ch.refore. chare ... .i,h« ,..»bl. 
co.bin.cion, or variant of chase eh... .1«-.««17 

spliced regions: , ^ . „ 

^ . Designated herein as 

Combination u " & 

... O 

B A V 


-r - - B 
B A V 

- + - A 
B A V 

. . + V 
B A V 

+ - + BV 

B A V 

. + + AV 

20 B 

^° + + - BA 

B A V 

+ +„+ BAV 

B A V 

rhere can be no variants in which 
For plasma fibronectin. there can 

A and B are present. 

Fibronectins play an important role in many bi.- 
logical systems. They have been shown to be involved in 
logical y raieracion , cell morphology, hemostasis. 

cell adhesion and migration, 

„ BBCO « n ic transformation. Hynes . R.O. and 

,/ Tmerican 254:42-51 (1986). 
30 R.O. «s-<«ncl fi.c A merican. 
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For example, fibronectin is thought to play an 
ia portant role in the cell processes involved in tissue 
repair, particularly wound healing. The ability to 
repair damaged tissue, -„d healing. ^ 

differentiation of a number of different cell types 
rloronectin promotes cell migration in culture and is 
Fibronc n associaCe d with .any different cell 

c.'xX surface receptors of ^^^Z Intact 
family can block migration when ejected 

embryo " • ac high levels in healing 

o sources: plasma fibi 

It IS IKli. '■- — , 

which is present in the exudate from damaged 
nectm. which P ioro nectin . which is syn- 

bl ood vessels, and cellu Fibron ectin 
thesized locally in the wound tissu 

v.- involved in the migration iS—Y-i-Ei- 0 - 

" ( '- g " ! , „ .,.. and is l»»ure and. chus . ICS us. « 
, mixture of vans in chose 


15 Flbroneccin Is expressed _ 

pounds. I« i. derived £ r.» Co sources: ,!..« — 


a mixture of variant * „ arti cular ly in choi 

be of limited value, particularly 
cre atment may •* ^ ^ & conbination of 

circumstances in which ^ ^ 


selected variants, rather 
30 would be more effective. 
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<;„ mma rv of Che Invention 

The presenr invention relates to a method of pro- 
ducing cellular fibronectin of mammalian origin through 
the use of genetic engineering techniques, as well as to 
05 cellular fibronectins produced by the method. Until now, 
it has not been possible to produce essentially pure 
cellular fibronectin. The fibronectins of the present 
invention, however, are homogeneous cellular fibronectins 
which include, as desired, region B. region A or both 
10 regions, as well as the V region, if desired. Recombi- 
nant fibronectins having portions of these regions can 
also be produced. Thus, the fibronectins of the present 
invention differ from presently-available fibronectins in 
that the subject fibronectins are recombinant homogeneous 
15 cellular fibronectins which include region B and/or 
region A. alone or in combination. 

In one embodiment of the method of the present 
invention, a recombinant full length cDNA encoding 
cellular fibronectin is introduced into an appropriate 
20 host cell by means of a recombinant retrovirus (or other 
suitable vector). The full length cDNA is expressed in 
che host cell, resulting in production of full length 
cellular fibronectin. The eight possible variants of 
full length rat cellular fibronectin (i.e.. those in- 
25 eluding some, none or all of the three alternative splice 
domains designated A. B and V) have been expressed in 
this way. characterized, and shown, using art - reco gn.zed 
methods, to be biologically 'functional. Charac terizatxon 

M .. n ; cellular fibronectin produced as 

of the recombinant c e j. x u i » 

30 described herein h.. de.on, rrared ch.c ,h. 

In p rodu=cio„ of ho.og.neous popul.cions of ho.odi.ers 
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of hecerodimers which naturally 


(rather than the mixtures 
occur) . 

Brief_DescriDtion_of_the_Drawines 

Figure 1 is a schematic representation of 
05 fibronectin and its variants. 

Figure 2 is a schematic representation of the method 
of the present invention, by which recombinant full 
length fibronectin is produced. 

Figure 3 shows the entire nucleic acid sequence 

...„„_ f Mil - leneth rat fibronectin. 
10 encoding recombinant full lengtn 

Figures 4a and 4b demonstrate expression of 

different variants of fibronectin in WEH1231 cells. 

which are lymphocytes which do not themselves produce 

fibronectin. Immunoprec ip i tat ion . using a polyclonal 

15 antibody (R61.1) vhleh recognizes total fibronectin. was 

carried out. followed by reduced and nonreduced gel 

electrophoresis. UEHI231 cells infected with a 

recombinant vector containing one of the following were 

analyzed: pLJ . control (no fibronectin variant) ; 0. 

20 B-A-V; B. B+A-V; A. B^V; V. b'a'V . Results of 

reduced gel electrophoresis demonstrate the presence of 

the fibronectin monomer and results of nonreduced gel 

. BBf . scra:e dimerization of fibronectin. 
electrophoresis demonstrate 

Figure 5 is a graphic representation of spreading or 

25 adhesion of melanoma cells (B16F10) on various variants 

and concentrations of recombinant fibronectin produced in 

VEHI231 cells. 0, B. A and V irldicate the fibronectin 

, , „ „ r^ure 4"f or variant type), 
variancs used (see Figure 
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Figures 6a. b and e demonstrate the ability of 
recombinant fibronectin variant A <b'a V> produced in 
WEHI231 cells to promote reversion of H11.8-HSV 
morphology to a normal morphology. 
05 Figures 7a-f demonstrate the results of assessment 

of extracellular matrices of HIH 3T3 cells and 
incorporation of recombinant fibronectin variants B 
' B^-V-) and V (B'a'v*) produced in UEHI231 cells into 
ch e matrices at three concentrations: -. no added 
10 fibronectin; 30 ug/ml . ; 90 ug/ml. 

Figure 8 is a schematic representation of the rat 

fibronectin structure which is composed of three 
EiDtouc T II and III, which 

repeating, peptide " r » ed TyI " , „ „. 

are shown by box... Two .1 c e rnaciv. ly spliced cyp » 
15 t . fllt , IIII. «- ar. represented b, che fill.* 

s ,uare, and are Indicated above che dl.gr... Th. 
t . 8 i,n I. «.r*.d b, che shaded box and che V 2 5 is 
indicated with scrip.s. and it, ..in. acid is 
.iven below. Do.ains chat Interact with fibrin. 
2 0 I".... and heparin ar. illustrated abov. The sites 

v, - infract with cell surfaces are also shown, 
chat interact w «....• urwi^ii 
Fleure 9 show. th. p.pcid. inhibition of VEKI231 
tell spre.dlns on the V for. of n. Th. avera*. sc.r.s 
of three indep.nd.nt exp.ri.encs for each peptide are 
ith ch.ir standard deviations CM. Th. peptide 

as 

^."absence of any p.»cide co.pecicor. K=0 and EC. 


25 shown w 


30 


fences are Illustrated in <»). 0 represents the score 
in the absence of any peptide co 

.« C oeptides CRCDSP and GH.GESP , respectively 
represent pepti" Ba 

Detailed D..cri£SiaS_sXJj!4-ia2*S£i£S 

thTprTs^c invention provides a ..thod of producing 
rec.binant cellular fibron.ctin which i nciall, 
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full length (recombinant: cellular fibronectin) and of 
producing modified, essentially full-length recombinant 
cellular fibronectin. cDNA. encoding recombinant cellular 
fibroneccin has been expressed in NIH 3T3 and WEHI231 
05 cells and tested on several cell types < CHO . Rat-1. BHK . 
B16 melanoma) which are standard cell types used to assay 
fibronectins. It has been shown, using art - recognized 
methods, to be produced in the form of essentially pure 
homogeneous homodimers and to be biologically active. 

10 Re c o mbin i nc_Cellul i r_FIb I £nectin 

The following is a description of construction of 
cDNA encoding cellular fibronectin variants and of 
vectors useful for introduction of the cDNA into appro- 
priate host cells, expression of the encoded cellular 
15 fibronectin in host cells containing the cDNA and char, 
cerization of the recombinant cellular fibroneccin 
produced in this manner. Although the following des- 
cribes cellular fibronectin of rat origin, it is 
understood that the same procedures can be used with cDNA 
20 encoding cellular fibronectin from other sources (eg 

human) to produce the encoded recombinant f xbronectms . 

Fibronectin and its variants are represented 
schematically in Figure 1. As shown, fibronectin in- 
cludes regions which bind to various proteins or other 
25 substances (e.g.. fibrin, heparin, collagen, gelatin) as 
well as three regions, described above, designated EXIIB. 
E1IIA and V. Regions EIIIB a'nd EIIIA can be present m 
cellular fibroneccin. but not in plasma fibronectin. 

- -tr, variants of both cellular and 
Region V can be present in variants or 

^ ° i — 1~*v*-a a rp e lent 

30 pLasma fibronectin, 


As described above, there are eight 
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05 


10 


15 


possible combinations of these three regions (eight: 
variants) in the case of full length cellular fibro- . 
nectin. cDNA encoding each of these eight variants has 
been produced by combining or joining cDNA fragments, 
each of which encodes a portion or segment of cellular 
fibronectin. See, Patel. R.S. et al.. ——————— ' 

6:2565-2572 (1987); S chwarzbaue r . J.E. e t a 1 . . The_EMBO 
j". , 6 -.2573-2580 (1987) . 

The full length cDNA was introduced into appropriate 
cells, in which it was expressed and subsequently 
secreted, in the following manner, which is represented 
schematically in Figure 2. Figure 3 shows the entire 
nucleic acid sequence encoding recombinant full-length 
rat fibronectin. Recombinant full length cDNA encoding 
fibronectin was introduced into the pLJ vector, using 
known techniques. See. Schwarzbauer . J.E. et al.. Pro. 

of — " f Sel -- USA ' i^ 75 *- 758 (1987> - 

Hhwarzbauer has also modified the vector by removal of a 
splice site. This modifed vector is called pLJ . The 
20 characteristics of pLJ have been described in Korman. 
A J. et al.. Pr^_oX^h^^l^_Aca^o^.Sci^SA. 
84:2150 (1987). This vector is capable of expressing 
both the gene of interest and a dominant selectable 
marker, such as the neo gene. The gene of interest ,s 
cloned in direct orientation into a BamHI/Smal/S all 
cloning site just distal to the 3- L TR. while the Neo 
gene is placed distal to an internal promoter (from SV40) 
which is located 3' of the cloning site. Transcription 

" . _ 0 c . i \ t he 5' LTR , which 

from pLJ is initiated at two sites. 1) the 

is responsible for expression of the gene of interest and 
2) the internal SV40 promoter, which is responsible for 
expression of the neo gene. 


25 


3 0 is 
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The diagram at the cop of Figure 2 is a repre- 
sentation of P LJ and the additional sequences inserted 
into it (e.g.. full length cDNA encoding cellular fibre 
nectin and a neomycin res is tance - encoding gene. HEO-R). 
05 resulting in production of a recombinant retrovirus 
designated pLJ-FN. The NEO - R gene product confers 
resistance to the antibiotic. C418. in mammalian cells 
and can be used to select cells containing the recombi- 
nant vector. The resulting plasmid (pLJ-FN) was intro- 

,« . Psl 2 cells), in «hich 
10 duced into a packaging cell (..8-- " 

Che cDHA was transcribed end the resulting flbron.etin 
»R„A and NEO - R »*HA incorporated or packed into v ir ,l 
parcicle, «l.l=h subsequently bud out of the cells 

If the sequences necessary for encaps idation (or 
IS packaging of retroviral 

missine from the viral genome, the result xs 

wh "h r.v.nc. eneapsidatlon of genomic „A . However 
Ih. resulting mutant i, still capable of directing the 
synthesis of all virion proteins. Mulligan and co 

,.«,ib«d retroviral genomes from which 
20 workers have described r«« = 

these Psi sequences have been deleted, a. well as cell 
containing the mutant stably l-"-""* 1 "^* 
chromosome. Hullig.n. R.C l^*^*^^ 

n € Gene Expression, M • Inouye (ed.). 155 17 J 
^t i on_of_Gene^ExE 3 3:153-159 (1983); Cone. 

25 (1983); Mann. R. •£ si- • • f Sci> 

R . D . and R.C. Mulligan. Proc^^iJi^^ 

USA 81:6349-6353 (1984) . 

Psi 2 cell line described by Mulligan and 
. workers was created by" trans fee ting .IB 3T3 fibro- 
th pMOV-Psi'. which is an ecocropic Moloney 
30 b -:i:ire:LriavL us ' (Mc . MuL V) clone. PMOV-Psi' 

losses all the viral gene products but lac.s the Ps, 
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sequence. which is necessary for encapsidation of the 
viral genome. pMOV-Psi' expresses an ecocropic viral 
envelope glycoprotein which recognizes a. receptor present 
only on mouse (and closely . related rodent) cells. 
05 Another cell line is the P«i"«- line, which are 

Psi-2-like packaging cell lines. These Psi am cell lines 
contain a modified pMOV - P s i " genome . in which the eco- 
tropic envelope glycoprotein has been replaced with 
envelope sequences derived from the amphotropic virus 
10 4070A. Hartley. J.W. and W . P . Rove. Jou r na 1 _o f _V i r o 1 o z v . 
19-19-25 (1976). As a result, they are useful for 
production of recombinant virus with a broad mammalian 
host range, amphotropic host range. The retrovirus used 
to make the Psi-am cell line has an amphotropic host 
15 range and can be used to infect human cells. If the 

recombinant genome has the Psi packaging sequence, the 
Psi .am cell line is capable of packaging recombinant 
retroviral genomes into infectious retroviral particles. 
Cone. R. and R. Mulligan. Proc_of _the_N a t l^cad^Sc^ 
20 USA. 81:6349-6353 (1984). 

^e retroviral genome has been modified by Cone and 

Mulligan for use as a vector capable of introducing new 
genes into cells. The £ a £ . the pol and the env genes 
have all been removed and a DNA segment encoding the neo 
25 gene has been inserted in their place. The neo gene 

serves as a dominant selectable marker. The retroviral 
sequence which remains part of the recombinant genome 
includes the LTRs . the tRNA binding site and the Psi 
- ackaging site. Cepko . C. ^ al. . ^. ^lO^lO.Z 
30 (1984). in this instance, full-length fibronectxn cDNA 
was constructed as described and inserted into the 
vector, as indicated in Figure 2. 
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, . , „ _ rprrovirus ( pLJ - FN ) was 
The resulting recombinant retrov " VK 

used no infect appropriate recipient/host cells (e.g.. 
NIH 3T3. WEHI231). In these cells, reverse transcription 
of the viral RNA results in generation of a DNA copy. 
05 which integrated into the host cell genome. Infected 

cells which were G418 resistant, synthesized the encoded 
recombinant fibronectin variant, which was subsequently 
secreted into the culture medium. 

Each of the eight fibronectin variants in which 
10 EIIIB. EIIIA and/or V can be present was expressed in at 
least one of the following two types of mammalian cell. 
NIH 3T3 and WEHI231. Methods for making the variants are 


described in detail in the Exemplification. WEHI23 1 

cells expressing the V fibronectin variant ( B A V ) have 

15 been deposited, according to the terms of the Budapest 

Treaty, at the American Type Culture Collection 

(R oc k ville. KD) under Accession No. CRL10019. The 

resulting recombinant fibronectin was tested on several 

rHO S.at-1. BHK. B16 melanoma cells) 
cell types (e.g., CHO . Rat j. . 

20 which are. a. »encio„.a previously, .candard . 

u.ed Co ,s,.y flbrone.cln.. Th. r..ulrln g ,....b».« 

u raeterized and shown CO be homo - 
fibronectins were cnaracte 

41 .„, rach.r Chan Che h.r.rodln.r. produced nasally. 
They have been shown, a. described below. c= be bio- 
25 loyally fun.cl.n.l. H.curally-oc.urrlnc flbrone.cln Is 
Vcnown co bind .net flbron.ccln anrlbodl.s . g.l.cin. and 
hep.— « pro.oce adhesion of ..vera! dl«.renc cell 

cyp.s. . 7 ». k .l.»l «— " ll " 

parclcipac. In reversion o£ c»».r ..XI. (cx.n. £ or».d 
cells) co nor.al »orph,lo 8 y. described below ...... 

Tlnanc £ lbro„.ccl„ produced as de.crlb.d herein ha. been 
shown CO have ch... cap.bllicie. . 


30 


1 f 
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Expression of recombinant fibroneccin (BAV) in NIH 
3T3 cells was clearly demonstrated and the results 
confirmed by Northern blot analyses. Two transcripts 
were detected from three individual clones infected with 
05 retrovirus containing the BAV form FN gene when the neo 
S ene was used as probe. The 11.6- and 3.1-kb messages 
which were observed corresponded with the sizes "P"»* 
for the full-length genomic transcript from the viral LTR 
and subgenomic RNA from the SV-40 promoter. No band was 
10 detected in RNA isolated from parental 3T3 cells. RNA 

isolated from cells containing pLJ vector alone included 
Che 3.1-kb subgenomic RNA and a minor band migrating at 
3 9 kb. which corresponds with a transcript derived from 
che 5' viral LTR. The identity of the 11.6-kb transcript 
15 was confirmed by hybridizing the same blot with a probe 
derived from rat FN cDNA . This probe also detects the 
endogenous murine FN message (8.1 kb). which is present 
in rat FN expressor clones as well as in the control eel 
lines. The rat FN mRNA signal was -10* of the signal for 
20 endogenous murine FN mRNA . Therefore, cDNA clones for 

rat FNs are readily transcribed in murine 3T3 cells under 
che control of the KLV - LTR promoter. 

To detect and ouantitate secretion of recombinant 
rat FNs from 3T3 cells, immunoprecipitations of 
25 supernatants harvested from [ 35 S 1 methionine - labeled cells 
were carried out with a mouse mAb . H9 . specific for-t^ 


FN or with an anti-rat FN polyclonal serum R61 
analysis of immunoprecipitateS from re 

n a v • or BV rat FN forms 
expressing 0. B, v, or ov 


expressing <j . « » - • . . _ . 

i« co the medium as proteins with 
30 of rat FN were secreted into tne 

colecular masses around 220-250 kD . The slight 

differences in molecular weight are as expected from 
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th .ir difference, in polyp.pcid. ch.i. by in=ludi„ 5 
n.ich.r. .iC. or boch of «h. EH" and V re Sl o„* As 
neicner. secretins ch< 0 fit. of rat 

seen most -"•" l /^//^\;': S ljBCue : of different forms 
FN. Che endogenous mouse FN C coprecipicaCed wich 

05 but mostly larger than the 0 form) is cop P 

M9 This result showed that the recombinant rat FN can 
"„ dimers with the endogenous mouse FN which has been 

7.T1 cells expressing the 
observed before for 3T3 can v 

. . . _ f rac FNs. Schwarzbauer et a l . , 
COOH-terminal third of rat r« ,, no , N No 

» a Sci USA 8^:754-758 (1987). No 

Ifl Proe Natl. Acad_. Sci_. — - — 

^^"were precipitated by from 
of 3T3 parental cells or clones infected with v.ccor 
Lne The immunoprecip itations with the polyclonal 
alone. The ^ J ^ all chese clones secreted 

anti-FN serum demonstrate . from 

of total fibronectins. Estimates 
15 comparable amounts ot tota , ^ . 

a...l»..c^ of cbe .«c.r.at.,»,h. .h...* ch.« «h. 

rBc fi ."creted from 3T3 cell clones 
recombinant rat FNs secretes . 

t 10% of the total FNs produced by these cells, 
represent -10% or 

This estimate corresponds well with the 10% rat FN 
20 ^scripts compared with total " 

r;irro:iitr:i;res S ed s - 

.fflci.ncly proc.s.ed, assembled «« 
..11 clones are ' e £.\. 41 „. Th.a. e.ll. .1" 

2S di.ers and s.erec.d „«...11»1.« 

assemble the recombinant rat 

naCriX ' x- „t f ibtonectin »as also expressed in 
Recombinant fibro _ eine c ] 


Th* single cell clones secreting the 
rat FNs were isolated by limiting diluti 

30 ;::r::r p..i.. 
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using the polyclonal antiserum R61 followed by SDS-PACE 

analysis in the presence or absence of reducing agents. 

A major protein product migrating at 220-250 kD was 

imm unoprecipitated from the media of [ S] methionine- 

05 labeled cells clones expressing the 0. B. A or V forms of 

rat FNs . The apparent molecular weights of the proteins 

are as expected for the various rat FN forms and also 

correspond with those of rat FNs expressed in NIH 3T3 

cells as described above. This suggests that no major 

10 different pos ttranslat ional modifications occurred in 

recombinant FN synthesized in lymphoid WEHI231 cells 

which normally do not produce any endogenous FNs. 

WEHI231 cells are lymphocytes and, thus, do not 

produce fibronectin. Ralph. P. Xjnmuno l_Rev_ 48:107-121 

„ , _^„t- analyses demons crated that all 
15 (1979). Subsequent anaxyse* ~ 

variants produced by UEHI231 cells bind to gelatin and 
heparin. For example. var iants 0 ( B A V ) , B ( B A V ) . 
A (B-A*V-) and V (B-A*V + ) bind both to gelatin and to 
heparin (as well as to a polyclonal antibody. R61.1. 
20 which recognizes total fibronectin). 

All fibronectin variants produced were also shown to 
promote cell adhesion or spreading, in a variety of cell 


• Mfinacive experiment was performed with 
types. One represent* r 

the mouse melanoma cell line B16F10. On " ol 
25 substrata coated only with bovine serum albumin ( BSA) , 
the cells either did not attach, or J"' 1 / ^ °* 

substrata coated with a low amount of recombinant FN (in 
this case 2 „g/ml A form), significantly increased 
numbers of cells attach, but relatively few assume a 
30 well-spread morphology. When plated on higher doses of 
FNs (16 „/.! A form), the majority of the cells adhered 
and spread well. This observation was confirmed by 


16 


quantitative measurements shown in Fig. 5 for B1GF10 
Llanoma cells- The percentages of cells spreading are 
plotted as average scores for three independent 

a rh. SDs were <10% . This experiment 
experiments and the SDs were 

05 aemon.crat.d that these f-r forms of 

Have similar -.«•"■»■»" ln »"«"»«. »""° 

..11 spreading. reaching saturating concentration « 
/./-I. The,, results "gge.t that. I- basic adhes on 

. and spreading assays »"h ch c.blish.d adherent ..11 

10 lines all forms of FN tested »™ equivalent. 

Vco.binanc flbron.ctin variant, vere also sh.vn Co 

promote cyco ,.e 1. tal organization -s.ssed using 

, aet in or vinculin. Through their 
antibodies ""^" p „ e . . extracellular FNs can 

cransmembrane integrm receptor 
15 induce cyco.Uel.tal organization including organized 

Ml- and focal contact formation. To examine 
these transmembrane effects. B1SF10 ».!—». 
.ultur.d on substrata coated with various recombinant 
„. 2 hours later, cells -ere fixed and «"""« <" 
20 ccin and vinculin distribution using doub 1. - abel 

„„„„ When low concentrations of tne 
immunofluorescence. wnen j. „ nWe<i «„ 

• a .. in bundles were visualized in 
various FN s were used, actm ounoi 

„f cells while diffuse and 
only a small percentage of cells wni 

j Bacterns were evident for most cells. 

25 ;r.:r.:t; f — - 4e " rmined 

25 lining for vinculin. ,!.«- on 

ceucr.cions of FN., hover, extensive -i'"'* 1 -"" 
hundl.s were detected for th. .majority of cells and 

localired at termini of 
discrete focal con a zs ^ recoabinanc 

30 actin indu „ cy „, k .let.l organization, 

rw v form was able to j 

imilar effects .ere observed for the other forms of FNs 
obtained from WMI231 cells <0. V. B f.r.s>. 


i i 
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Recombinanc variants were also shown to promote 
reversion of N11.8-HSV (transformed) morphology to normal 
cell morphology, using the method of assessing reversion 
described by Ali and co-workers. Ali, I. £t al. , Cel. 1 , 
05 11:115-126 (1977). As shown in Figure 6a, a substantial 
population of NIL8.HSV cells are rounded and detached 
from the substrate. The cells assumed a more flattened 
and" aligned morphology upon addition of the recombinant 
FN A form (Figures 6b and 6c). Similar effects were 
10 also observed for 0. B. V forms of FNs . The differences 
in dose response among the different forms were, at 
most, two to threefold in different experiments. There- 
fore, in agreement with results obtained from basic 
adhesion and spreading assays using adherent cells, the 
15 ability of FN to revert the morphology of these trans- 
formed cells does not appear to reside in the EIIIB. 
EIIIA, or V regions. 

Assessment of incorporation of recombinant 
fibronectin into cell matrices was also carried out and 
20 showed that all variants were incorporated and that 

variants B + (B + A"v") and A + (B*A + V*) were incorporated 
somewhat more effectively than the other variants. As 
shown in Figure 7. recombinant rat FNs formed fibrillar 
networks characteristic of the usual extracellular 
25 matrix distribution of FN. Furthermore, total extra- 
cellular FN staining (with polyclonal antiserum R61) 
increased significantly upon addition of exogenous 
recombinant FNs , indicating their contribution to matrix 
formation. All forms of FNs incorporated into the 
30 existing matrices. However, two to threefold differ- 
ences in the doses of recombinant FNs required to give a 
particular level of rat FN-specific fluorescence were 
noted. The O and V 


-IB- 


forms required higher levels added Chan did che A and B 
forms co give equivalent staining. Minimum doses for 
dececcable K9 staining were 10 „g/ml for B or BAV and 30 
„g/ml for V. Figure 7 shows approximately equivalent 
05 incorporation of rat FN at 30 Mg/ml B form (Figures 7a 
and 7d) and 90 ^g/ml V form (Figures 7e and 7f). These 
results suggest that inclusion of the EIXIA or EII1B 

i_ c r-ir of cissue FN may enhance che 

segments ctiaraccens uxw 

ability of FN to incorporate into existing matrix. 
10 Thus, the assays carried out, using standard tech- 

niques, resulted in the determination that the 
recombinant fibronectin variants are produced and are 
biologically functional. The following is an outline of 
the results obtained: 
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Retrovir a 1 Express ion_o 


f Fibronecr i,n 


1. Full length fibroneccin variants are 
efficiently expressed. 


All forms a 


re assembled and secreted 


5 3. All forms bind to ge 


latin and heparin, 


Cell adhesion and spreading 
(BHK/B16/NIL8-HSV/CHO/RAT-1) 

Cytoskeletal organization. 
(BHK/B16) 


10 6 . Reve 


rsion to normal morphology 


ALL FORMS WORK WELL 

AT MOST 2-3X DIFFER- 
ENCE IN DOSE RESPONSE 

A* OR B + FORMS SLIGHTLY 
MORE EFFECTIVE 


7. Migration. 
(N1L8 -HSV) 

8. Matrix Assembly 


15 


ALL FORMS WORK 


A + OR B + FORMS ARE MORE 


EFFECTIVE 
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M ^ p « « e n c i a 1 1 v Full^n £ th^co S binant_Fibr £n ecrin £ 

Fibroneccins having a porcion of regions B. A. V or 
combinacions of these can also be produced. For example, 
che first 25 amino acids of the V region (referred co as 
05 V25 segment) which are shown in Figure 8 can be 

selectively spliced out independently of the rest of the 
V region. The V2S segment is important in the selective 
adhesion of various cell types and is recognized by the 
integrin fibronectin receptor. V recombinant 

10 fibronectins'having the V25 segment alternatively spliced 
out can be produced as homodimers or he terodimers . 

WEHI231 lymphoid cells interact with an alterna- 
tely spliced region of FN. specifically with the 

cerminal 10 amino acids ( GPEILDVPST ) of the V25 seg- 


15 


20 


25 


30 

P 


only ,hcs« £°r»s »f ™ <"« «""" Ch " 
,«.„«. spr..din g of cn.s. ..11.. «h» 
b. blocked .ich.r by synch.clc p.pcld., fro. ch. V25 
!Ig ..»= =r by anribodi., „ eh. l«..rl- -4 
rurch.r.ore, l.cf.i- - 4 'l " <*" 

peptide coupled to Sepharose. 

pep - /? is an FN receptor distinct from 

Thus, integrin P 
a integrin receptor, which recognizes the RGDS 
the mtegri fc0 :191-198 (1985); Pytela 

sice in FN (Pytela et al.. Cell _u 

et al Scie nce. 2 31: 15 5 9-1562 (1986); Argraves et al 
clll'sio. 105:1183-1190 (1987); and Wayner et al.. 

Blo 10 7-1881-1891 (1988)) and another integrin 

::^-ct":iso ™ an 

3 l J Cell Biochem. 37 : 3-85-393 (1988); Wayner. E.A. 

et al.. ^ ~7"~Cell Bio. 10 5:1873-188* (1987); and 

and W.G. Carter. I- C&LL a ± 

Wayner et al.. Ibid. (1988). While and ^ are 

'evalenl « cultured fibroblastic cells (Helmer ££ ,1-. 


7 


05 
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■T. Bt o. Chen., 262:3300-3309 (1987); Wayner. E.A. and W . G . 
Carrer Ibid. (1987); and Wayner et a 1 . . Ibid^ (1988)). 
and che adhesion of such cells to FN is frequently 
blocked by RGDS-containing peptides ( P ier s chbache r , M.D. 
and E . Ruoslahti. Nature 309:30-33 (1984); and 
Pierschbacher. M.D. and E. Ruoslahti. Proc^_Na tl^Acad, 
Sci US A 81:5985-5988 (1987)). i* expressed 

p^mlnantly on lymphoid and myeloid cells (Helmer et 
al.. T Etc . Che m,_ 2 62:3300-3309 (1987); Helmer et al.. 
Ibid^ (1987); Wayner et al., Ibid. (1989)). 

The V25 segment can be selectively spliced out 
independently of the rest of the V region in mammals 
(Schwarxbauer et al.. Cell 35:421-431 (1983); Kornblihtt 
et al Nucl__Acids_Res^ 12:5853-5868 (1985); Sekiguchi 
15 e'r: 7l ' Biochemistrv 25:4936-4941 (1986)) and a 44 amino 
alid segment (V44) that includes V25 can be similarly 
spliced out in chickens (Norton. P. A. and R.O. Hynes , 
Mol r»U . Bi ol. 7:4297-4307 (1987); f rench - Cons tant . C. 


10 


T^TTo. Hynes. Development 106 = 375-388 (1989)). 
20 sequences of these segments are well conserved; the V25 
segment is identical in humans, rats and cows (Peterson 
ec al "Primary structure of fibronectin" In Fibro- 
nTctin. D.F. Kosher, ed. (San Diego. Academis Press) 
71^; and Hynes. R.O.. F^ro^ectins (New Y.«k:8prin..r - 
25 Verlag) (1989)). and the segment corresponding to the 710 
peptide in chickens contains 60% identical and 80% 
homologous residues (Norton. P.A. and R.O. Hynes. Ibid. 
(1987)). This conservation Is consistent with an im- 
portant role for this segment, and Humphries et al.. L 
30 Bio Chenu 262:6886-6892 (1987) have previously reported 
chat peptides corresponding to this segment will inhibit 
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adhesion of murine B16F10 melanoma cells when soluble and 
promote their adhesion when bound to a surface. They 
showed also that V25 peptides (CS-1) coupled to proteins 
will promote neurite outgrowth of chicken peripheral 

, . „ a1 j cell Bio. 106:1289-1297 
05 neurons (Humphries et al. , - oel1 .s± 

(1988)) and attachment and migration of neural crest 
cells (Dufour et al.. EMB0_^ , 7 : 26 6 1 - 2 67 1 (1988)). 

' However, most of the experiments on mammals do not 
test for selective exclusion of the V25 segment, which 
10 can be omitted independently of other parts of the V 

region in mammals. Given the difficulty of assaying for 
ch e absence of this segment, it is not yet possible to 
say whether or not V25-negative forms of FN may be found 
in specific locations. The absence of the V segment from 
15 50% of plasma FN subunits is of potential relevance given 
the fact that many circulating blood cells express a L fi 1 
(Helmer et al . . i^Bio^Chem^ 262:3300-3309 (1987) ; 
Helmer e7aIT . O^B^Ch^ 2^2 : 11*7 8 - 1 1* 8 5 (19 ); 

~Z "7 j r..l l Biol. 109:1321-1300 (1989)). 

Wayner et al. . J.. cell + - 

p»j an . e8ts to be a heterodimer of V and V 
20 Since plasma FN appears to i 0 9-34A5- 
subunits (Schwarzbauer et al.. J_Cell_B iol. . ^J** 5 
3453 (1989) each molecule contains only a single binding 
site for This appears to be insufficient for high 
site 4^ 1 __ _ r-w i S not found 

•lis. If 

25 as a surtace CUU4 H~"- --- - + 

as appears to be the case, matrix FN is largely V . 


site tor a ^Pi* «~ ^ 

affinity binding co cell surfaces since FN 


a surface component of circulating blood cells. 


If. 


30 


l , in» g ri». Thl. could ,1«, » rol. in c». adh.,ion of 

:: r i... bLod ..ii.- ex P o..a „«,...ii»i« 

..d.ch.11.1 b.....nc m.mbr.n.. In Chi. ».»»■ " " 
« .... «h.« h.. recently b..» r.port.d 
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to be involved in homing of lymphocytes to Peyer's patch 
high endothelial venules (Holzmann et a 1 - . Cell 56:37 -46 
(1989)). 

In Che integrin ^ subfamily there are three FN 
05 receptors: a^. ^ and a,^ specific, respectively. 

for the RGDS site. 10 amino acids in the V25 segment, and 
an unknown site. Other integrins are also known to 
infract with FN , including « llb * 3 (GPIIb/Ha). which 
binds to the RGDS site (Gardner and Hynes . Cell 42: 
10 439-448 (1985); Pycela et a 1 . . Science 2 31:15 5 9-1562 

(1986) ; D'Souza et al. , LJiS-J^ 2 6 3:3942 -3951 

(1987) ) and . v /l x . which probably also binds to the RGDS 
si ce (Cheresh et a 1 . . Cell 57:59-69 (1989)). 

P r o du ct i o n_o f_Re co mb i n an t_C el 1 u 1 ar_F i br onec t i n 

Fibronectin of the present invention can be pro- 
duced, as described previously, using an appropriate 
vector containing cDNA encoding full-length recombinant 
cellular fibronectin. which is introduced into and 
expressed by an appropriate host cell. The DNA encoding 
Che cellular fibronectin can be cDNA or DNA , synthesized 
by fcnown methods, which has the same nucleotide seo.uence 
as the cDNA or a functional equivalent thereof U.... one 
which encodes a product having the same characteristics 
and exhibiting the same functions as the recombinant 
25 cellular fibronectin described herein). 

cells include, but are not limited to. NIH 3T3 and 
UEHI231 cells; other cells in which the complex cellular 
fibronectin can be produced and properly processed can 
also be used. 
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15 


- r^mneccin Produced bv the^Present 
U s es of ,Rj££aklH£S£-Ii£I°S££IiH-Ii^ 

Me ch£d 

j ~ ~a v. v t-He process of the present 

Fibronectin produced by ctie proce* 

inv.ncion has several eh.rap.ucic and clinical uses. and 
can b. us.d wherever fibron.ccin is u.curally ucil^.d in 
Che body. For ex..ple, fibron.ccin pUys a„ 1-*""" 
role in ch. cell nigrarion associated wich wound healing 
and cis.u. repair in general. L.unol.calizacion scud.es 
have shown chac abund.nc fibron.ccin is pr.s.nc in 
healing wounds. In siru hybr i dice ion scudies have shown 
Char cellular fibron.ccin syneh.sir.d locally in wound 
ris.u. concains boch ch. » and eh. A s.g.encs or r.g.ons. 

t _ used co promote nerve 

Fibronectin can also be useo w v 

, eases For example, while not 
regeneration in some cases. ro r 

scriccly cell -igracion. ch. oucgrowch of n.unces fro» 
neuron, involv.s .any of Che sa.e principl.s and .„ lar 
..chanis.s. There is considerable evidence char so.e 
neurons will respond c. fibron.ccin by .xcendxng 

It has b.en shown char fibron.ccin promoc.s 


20 oucgrowch of n.uric. fro. aggr.gac. of 7-d.y 

n.ur.l recinal cells. . R.K. - ml-. BlSa-SisU- 

...17.-1I. <!»»■ Fibron.ccin. ha. b..„ shown CO pro.oce 


u • ,h le k zanalion cells (Carbonetto. S.T 

neurite growth j.n chick gangJ-i »,,.„-.. 
et al J Meurosci, . 3:2324-2335 (1983) and in human 
25 T^lon cells. (Baron-Van Evercooren. A. et al.. L 
^ a5E i. Res.. 8:179-183 (1962)). 

Fibronectin also plays a role in hemostasxs and 
thrombosis and can be used in 'the treatment of blood 
clotting disorders." Thrombotic diseases are major 
C 6 w co control thrombosis would be 

-, n killers, and the ability to conw 

30 ^V 1 " 5 ' creatine them. Monoclonal 

valuable therapeutic tool m treating 
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ancibodies raised against: fibronectin. or specific 
peptides, could be used co intervene in the interactions 
between the ligand and its receptors. For example, 
fibronectin interacts with fibrin, becomes incorporated 
05 into clots, and is crosslinked to the fibrin by factor 

XIII* transglutaminase. Therefore, as the clot is formed 
from platelets and fibrin, fibronectin becomes an inte- 
gral part of it. intervening In this reaction by pre- 
venting fibronectin from performing its usual role 
10 provides a method of preventing dangerous blood clots. 
It has been shown that soon after wounding, fibronectin 
and fibrin appear in the area of a wound. These proteins 
then serve as a substrate for adhesion and migration of 
the cells repairing the defect and, in most cases. 
15 subsequently disappear. Fibronectin also plays a role in 
removal of debris by various cell types. 

When a wound is made in the skin, several wound 
healing processes ensue. The epidermal cells migrate in 
co cover the wound. Concurrently, beneath the healing 
20 epidermal layer, granulation tissue forms and eventually 
neovascularization follows. These three processes 
Involve different cell types and are best considered 
separately. 

The first detectable event is the formation of a 
25 fibrin-fibronectin clot in the area of the wound. 

Grixm.ll. F. et al. . T Invest. Dermatol^. 76:181-189 
(1981); Clark. R.A. et al. . T Invest. Dermatol ... 
79-264-269 (1982); Repesh. L.X. £t al. . J . Histochem^ 
^ochem., 30: 351-358 (1982). There is a large increase 
30 ITlibronectin soon after wounding and the epidermal 

ce'lls migrate beneath the main clot on the fibronectin- 
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f »,i. *f«« — »« " itheiuu " tio " 15 ":; t 

El .c. th. rhick.n.d b.se.enr ...b»n. b.co-es rhinner 
again'. nd «h. fibrin »nd fibron.ccin fall „ low 
and are replaced by la.inin and rype IV collagen rypic.l 
: »H. in an experi.enc involving wounding of 

n.rk and co-workers were 
rat skin implanted in mice. Clark an* 

rat skin P loea iiy produced cellular fibronectm 

able co distinguish locally proa rlark 
(rac) from deposited plasma fibronectin (mouse) Clark, 
(rat; IIOU ** 80-26s-30s (1983). 

» a ec al.. J^Invesr^_Der 2 arol^. 80. 

"3 vTTehe early provisional matrix consisted 
They found that the early. P^ 

lately of plasm, fibroneccin which was gradually re 
placed by cellular fibron.ccin during epid.r.al wound 

^"onaldson and Mahan have shown direccly chac fibro- 
15 n.ccin and fibrin pro.oc. .pid.r.al -l."""- ^"J 

■ ,„„ placed in wound, in new skin. Donaldson. D.J. 
..planes placed 62:1 17-127 (1983) and 

and J.T. Mahan, 1. Cell scx... 

n„ « D J and J.T. tiahan, C^ll_Tissu ejes, . 
Donaldson. D.J. and inplan cs with fibre 

235-221-224 (1984). Coating of the impian 

Z 3 3 . i 1 1 >■ , . „ _ aoS e-dependent 

4« «t fibrin promoted migration in a cose F 

20 ;:;;;:;i»l":; s :.. sp.dfic.ny by — 

sy e is a relatively simple, nonvas - 
The cornea consists of a layer of 

.pithelial cells on 


Fibroneccin — — 

the eye is a relatively simple, nonvas - 
The cornea of the eye i laV er of 

Trie cornea consists of a layei 
25 oulari-d «Y^ mbc „.„>„„.. b.n.ach which 

a Chick scro.al l.yr co.pos.d largely of collagen 
lies a tni R - n .V e h the stroma is a spec- 

with a fev keratocytes. Beneath 


with a fev (DeScemeC . s membrane) with a 

talized basement membrane (Desc ribro nectin 
30 layer of endothelial cells attached to it. Fi 

is believed to be involved in the migration of the 
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endochelial cells and scromal cells during development. 
but in che macure cornea the only significant concen- 
tration of fibronectin is in Descent's membrane; the 
basement membrane of the corneal epithelium has little 

„ w„.„ M et al Dev. Biol.. 69:589-600 
05 fibronectin. Kurkinen. H. et a i . . ue_^ — 

r or al Curr Eve Res.. 3:689-499 
(1979) and Cintron. C. et al. . curii-il - 

- Within a few hours after a scrape wound which 
removes the epithelial layer, fibronectin and fibrin 
appear on the surface of the cornea. Between one and two 
days after wounding, the corneal epithelium grows back 
over this fibronectin and fibrin-coated surface and the 
fibronectin and fibrin disappear over the next several 
days Fibronectin also appears in significant amounts 
within the stroma which normally contains only small 
amounts. 

This pattern of appearance of fibronectxn and fibrin 
indicates that these proteins form the substrate 
promoting migration of the healing epithelium. Nishida 
and co-workers have cultured blocks of cornea in.vxtro 
and shown that the epithelial layer migrates over the cut 
stromal surface. Nlshida. T. et al.. iBL-i.JB^ 
mo l 26-410-415 (1982) and Nishida. T. et al.. J£S^_^ 
^hihal^l.. 26:416-424 (1982). The migrating epithelium 
25 IT^derlain by a layer of fibronectin. Addition of 

autologous serum or. .ore significantly, purified plasma 
fibronectin to the cultures accelerated the epithe al 
migration and ant i - £ ibronec t*n antisera inhibited it. 
Th L, fibronectin can be used in the treatment of corneal 
30 epithelial wounds. 
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Fibroneccin has therapeutic value in promoting 
corneal epithelial wound healing and in leading to curing 
of persistent corneal ulcers. Fibronectin can be used to 
prepare eye drops, for example. Treatment with these eye 
05 drops leads to accelerated healing of corneal ulcers and 
other defects. It has been shown that the protease 
inhibitor, aprotinin. has dramatic therap eutic e feces on 
the healing of corneal lesions. Thus, combinations of 
fibronectin and protease inhibitors may prove partxeu- 

<- wnrnvin? wo una 


as 


10 1«1 T efficacious. .... .ff«« l» l-P""-" « 

h.aling h.v. ..«. us. of fibron.c.in. wh.ch 

fibrosed b. -or. .ffeecive in P"«"»« » » 4 

H..U» 8 C... b.-.«. « Pr.—ce of o .nd/o, » 

,. tl .,.«.l ci. "hicb i. ehar.cc.riz.* b y t .il«. of 

v of einsival tissue to the tooth roots. 

;i:: c iei e i: - — — — 

f g ingiv^IbToblasts and periodontal ligamentum cells 
on teeth and bone fragments is promoted by clcru *cxd 
lization to expose collagen and by fibronectin 
treatment. Terranova. V.P. and C.R. Hartin. 1 
Periodontals U:"0-533 (1982); Fernyhough. V 
Z££ ^ £ T^eriodontol.. 54, 133-140 (1983); Arisawa. 


20 


and C.R. Martin, J_u 

Res. . U= 530 - 533 
tj r PiEt J . P»f*odontol . . 

V P et al.. t P.riadontol.. 58:247-257 

Terranova, V.P. « Si* — ■ " ~ _ 

•jt p , t .1» . t p.nodcnt. Res^. 

nogiv Terranova, V.P. et ax.. 

, " .Usi CI.")- Th. fibrobXa.c, ac~c h .»« synch.si*. 
,„ It ■.«.-.!« .xcr.c.liuiar .««■»« « 

30 . . «... — ■««•« 
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promotes attachment of gingival tissue to tooth roots in 
vivo and this appears to be the case. When tooth roots 
are surgically exposed and planed, connective tissue 
attachment during healing is significantly promoted by 
05 treatments with citric acid and fibronectin. Thus, m 
wound healing the fibronectin. or even conjugated pep- 
Cides can be used to promote cell adhesion and migration 
on' the wound bed. In the case of fibrosis, the accumu- 
lation of fibronectin and other matrix molecules, and the 
10 cells that produce them must be controlled, for example. 
by intervention in the stimulatory events between cells 
or in the biosynthesis of fibronectin. It is also 
possible to interfere with fibronectin function by the 
use of antibodies or peptides. 
15 The quantity of the present fibronectin to be 

administered will be determined on an individual basis 
and will be based at least in part on consideration of 
Che severity of the symptoms to be treated and the result 

20 SOUSh The agent or drug containing fibronectin can be 

administered by subcutaneous or other form of injection. 

i -i „ transdermally or topically, 
intravenously, par enter ally . transaeirm y 

The form in which it will be administered will depend 
upon the route by which it is administered. 

A fibronectin composition of the present invention 
can optionally include other components. The components 
included in a particular composition are determined 
primarily by the manner in which the composition 
administered. For-example. a composition to be applied 
30 topically can include, in addition to fibronectin. or a 
derivative thereof, a binder (e.g.. carboxyme thyl 
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cellulose, gelatin), a procease inhibitor, (e.g.. aprc 
tinin). a filler (e.g.. lactase) or an emulsifier. 
A composition to be administered dropwise (e.g.. as 
eyedrops) may contain a liquid carrier (e.g.. saline). 
05 in general, a composition of the present invention 

co be applied to a skin wound, for example, would be 
applied directly to the wound for a period of time 
necessary to induce healing. More than one application 
may be necessary. The dosage, or concentration of 
10 fibronectin. in the composition will also vary on an 
individual basis and be determined by the type — 
severity of the symptoms to be treated 


15 


The invention will be further illustrated by the 
following non-limiting Exemplification. 

EXEMPLIFICATION 

Cell Cultures _ 
ilH 3T3 and P.i 2 «»• »«" «""» l " °" lb "" ' 

..difi.d E a 8l «'s (D«» »i« "» 

Olb.. UU t . t .rU.. cr... I.l«*. «> • «•«« » 

/.:!„. 121, «... — Seh -" 

t .„l ..If (FCS. Giboo Ub.r.c.ri..). 

Murin . „1...« »1.»10 cells S""'"^"^//,, 

<'...rlb.d (Fidl.r. I.J.. U97M. £i££U-^ 2* • 10 " 

30 1078). 
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P 1 a s in i d Construction 

Retroviral vectors containing the 3' third of rat FN 
cDNA including or excluding EIIIA or V have been des- 
cribed previously ( Schwarzbauer . J.E. « a 1 . . (1987), 
05 Pro c B.tl i ^£ £ d i Jel A JSA 84:73*.758). Genomic clones 
wlrTIsoIated from a rat genomic library in EMBL3B 
(Tamkun et al.. (1984) P roc^.N a t k_Ac a d^Sc i . , U S K 


10 


15 


Sl^O-II^T using segments from the 5' end of >rFN2 and 
subsequently the 5' ends of successive clones. The 
segments were subcloned in pGEH vectors (Promega Biotec). 
checked for repetitive sequences and used to screen 
lambda plaques by standard methods (Maniatis et al. , 
(1982) Mo 1 e cul a r_C 1 on i n 5 __M anua 1 , Cold Spring Harbor 
Laboratory. Gold Spring Harbor. NY). Clones were 
analyzed by restriction enzyme mapping and Southern 
blotting and suitable fragments were subcloned into pCEH 
vectors for further analysis 


20 


Genomic ft.|»«. «•« »»bclo„.d into a ■«'»' 
retroviral vector. ,U. whl.h 1. a derivative .f DOL 

,«.,..» .c si.. (»»') ""^ A " d - ~* 

.*:21S0-In*) fro. »hlch the 5- .pile, .ice he. been 
Pieced. AS described els.vh.re (Schwarzbauer et al 
1,87) 6 .no»ic f,.(.»'« .ubclon.d Int. such retro—I 
vector, ar. accurately .plied durin 6 generation of 
t .c..binant retrovirus. Cell, derived by infection with 
eh... viru.e, therefore contain cDNA* derived £«.. the 
.....I. clone, and th... c D »A. can be recovered by f..x« 
re.cue. c D »X clone, covering th. rat ibro- 

tvue I repeats , and two type II 
nectin encoding nine type v 

30 repeats were prepared in this way. 

* Clones A.rFN2 to A r FN5 cover the central part of the 
g ene which includes all the type-Ill repeats (Figure 3). 
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cDNA clones isolated from a rac liver Xgcll library .cover 
type-Ill repeats 9-15 ( S chwar zb aue r et a 1 . , (1983) Cell 
35-421-431). cDNA clones covering type-Ill repeats 1-9 
lid the two alternatively spliced EIII repeats were 
05 obtained by passage of genomic clones through retroviral 
vec cor s . 

Overlapping cDNA clones covering the 5' regions of 
the g ene were generated from the respective genomic 
clones. XrFN-3. ArFN - 5 , XrFN-8, and A r FN (Patel. R.S. 
10 et al.. (1987). EMJJO.^ 6 : 2 5 6 5 - 2 5 7 2 ; S chwarzb aue r . J.E. 
eT al (1987). EMBO J.. 6:2673-2580). using a fusion 
;; scue method as outlined before ( Schwarzbauer . J.E. et 
al (1987). EMBO 6:2673-2580; S chwarzbauer . J.E. et 

IT" (1987). i^riHacl^cad^Sci^USA 84:754-758). The 
15 expression vector. pDOP. was constructed from pMSV-gpt 

(Mann. R . - ,1 .. (1983) C^ll 33 : 15 3 - 1 5 9 ) by rep lacement 
of the sequences from the Kpn I site at the 3' end of the 
5 ' long terminal repeat to the Xho I site (Mann. R. et 
al (1983) Cell 33:153-159) with those from a murine 
20 Hukemia virus-based vector (DOl; (Korman. A.J. et al.. 
(1987) — Ac.d. Scl. , USA). PDOP contains a 

uniq ue BamHI cloning site followed by a fragment of 
P BR322. the simian virus .0 (SV40) origin and ear y 
promoter, and the neo' gene (Cepko, C.L, et al (1984) 
25 Cell 37:1053-1062; Korman, A.J. ^ al.. (1987) Pro£, 
" lead. Sci^ USA) . The nec* gene product confer 
resistance to the antibiotic. C418 . in mammalian H 
(Davies. J. and A. Jimenez (19,80). An, -T ■ Troo . Me d^Hv^ 
■29-Suppl. 5. 1089-L092). The polyoma virus early region 
30 ^creases the plasmid copy number after transfection mto 
*2* cells . 
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FN cDNAs were isolated from a rat liver Agtll 

, -?p eeal (1983) Cell 35:421- 
library ( S chwarzbauer , J.E. et a l . , k±7°->> — 

431) • BamHI and Bel I linkers j/ere added to the 5' and 

3' ends, respectively, of an EcoRI partial-Sac II frag- 

05 ment of Arlf 3 containing the 3' -terminal 2400 bases of 

coding sequence including the 360-base variable segment 

(V120) plus 169 bases of the 3 ' -untranslated region. A 

110-base-pair BamHI-Bgl II fragment from P PTHml27 

(Hellerman. J.G. et al. . (1984) Pr oc^Nat l_Ac ad_S ci_ 

10 USA 81:5340-5344) containing the 5 ' -untranslated and 

7i; e ; ro .. coding sequences of parathyroid hormone was then 

ligated to the 5' end of the linkered FN cDNA. The 

hybrid cDNA was inserted into the BamHI site of pDOP. 

The sequence across the prepro-FN junction was confirmed 

15 (Kaxam. A. and V. Gilbert (1977), P»c^«l^l_lci,, 


20 


25 


30 


US A 74-560-569). cDNAs containing the 285-base differ 
^"sequence (V95) or no additional sequences (V0) were 
constructed by replacing the 360-base sequence with the 
corresponding fragments from *rlf 4 and Xrlf 6 respec- 
tively (Schwarzbauer. J.E. et al- (1983) Cell 35:421- 

431) • J K„ 

FN cDNA containing the EXII segment was obtained by 

passage through *2 cells of a retroviral vector , DOL 

at oral (1987) Proc, Natl. Ac ad^ — S c i ^ 
(Korman, A.J. £t al. ^ i?o / , _ 

USA >. carrying .-kll.b... (»> rcoRl-Ba.Hl £«..«- of 

T» geno.ic clone «FN 2 CTa.kun. J.«. IS al. <1»*> 
Proc. M .cl^_A. a d_.^i-- USA 41,51*0-3144). 4f»r »e..- 
elon of 3T3 cells with reco»bi n »nc virus. th« G418- 
rosiscanr <C41S r > cells were fused .ich'COS cells » 
ln duce replied fro. ,h. SV40 oriein. 

,~ u r T «c al (1984) Cell 33:153-159). 

was rescued (Cepko, C.L. et ai. ^' 

• - n f , h is reeion of the FN gene were 
Recovered cDNA copies of this region 
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.... ..1 ,, USA 71:360-569). .nd .11 splice )»««.». 

were correct. rTTTK 
These cDN A clones, including or excluding EIIIB 

,. n6d usillE unique restriction sices, with che 
05 were recoibinea, using ""'•m _ . , 

existing 3- cONAs to give full rise to full engch cDNAs 

rat FN All possible combinations of EIIIB, 
encoding rat FN. A P conscr ucts confirmed by 

fttta and V were made and che construct 

EIIIA and ful l-length cDNAs extend from 

restriction mapping. These rui b 

_ . r tcGCCA) 50 nucleotides upstream of the 
10 a Bal I site (TGGCCAJ 

a„« of rat FN (Patel, R.S. £t al.. (1987). 
initiator codon or rat i » \ 

H V S..25S5-2572) co a Sac II site (CCGCGG> in c e , 3 
--'a-nllaced region C Schwarzbauer , ^ > • 
Cell 35:421-431: Schwarzbauer. J.E. i£ *L. < 19 

«. • ttca 8^-754-758; Patel, R.S. et a_i. . 

ie Macl Acad. S C 1. USA Bfv./a** /->«. 

15 Na tl, ac a T^as 2572) They include che entire 

fl987) . EMBO J • 6 :2565-257Zj . J 

(1987). vario us forms of rat FN and che 3 

t cons 
ient:s 

, ^-t-ion and processing. The full 

FN co allow normal secretion ana p M -. s . 

lengch clones were inserted into the "^"^^ 
sle : vector p« co generate p L ,-FN plasmids^ * 
derivative of pDOL (Korman. A.,, ec al. . (1987) ? 

^ USA 84-2150-2154; Schwarzbauer. J.E. ec 

fiSSi-^- 15 ^ V A«d Sci USA 84:754-758), from 
Proc^Hn n Sci " - ~- _ moved . and 


constructs ^r^"^*:^" «... . -ese constructs 

20 ^^^^'^ s ZZ and propeptide segments of rat 
include the natural signal and p * * full 


25 


30 


vhtch ch. 5 S F -j j J Sehw«r*bau.r. This was 

„. ........d — t n b L J iy „. dig . st io„ of ACCTCCCC. 

accomplished by restrict! j 

, A t t and Ral I and religation which 
(plural) with Alu I and Bal * 

^ /rTCCl to produce sequence AGCCA . 

deletes four bases (CTGG) to pr 
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deletion was confirmed by sequencing. cDNAs no be 
expressed are inserted ac a cloning sice downstream of 
the 5' MLV LTR. After the cloning sice is an SV-40 
origin/promocer/enhancer segmenc and che neomycin resis- 
05 canC e (neo r ) gene driven by che SV-40 early promocer and 
a pBR322 origin of replication. 

- Psl 2 cells and 1 n feet ion_o f_N I H_ 3 T3_and 
Trtnsf ecti o^ " f Psl *■ ^ e r ■ L ^-— — 

UEHI231_Cells 

Establishment of virus - p roduc ing Psi2 cells and 

10 infection of »XH 3T3 and WEHI231 cells were P«««-« d - 

Schwarzbauer. J.E. et al. . (1987). Pr o c_Nac l^£a ^ 
USA. 8^:754-758; Landau, H.R. - al.. (1987). H £ l,.Cell 
TCoCl: 3237 -3243. 3T3 and *2 cells were grown in medium 
;i;7l0% (vol/vol) calf serum. COS cells (Glu2nan , 
15 1981) Cell 23:174-182) were maintained in 10* (vol/vol) 
cal ca7 S «.. 0 NA transfections were performed using 
cal cium phosphate precipitation (Craham. E and 
der Eb (1973) Virolo^ 32 :436-437 ; Parker. 
Stark (1979) J . Virol. 31:360-369). Twenty hours after 
,« 1 .hLrTr^i- containing transiently produced 

20 glycerol shock, meo* 

recombinant virus was removed and filcered, and 1 ml 
C his virus stock was used to infect 3T3 cells in the 

/esence of polybrene at 8 „/.!. -vera 1 -T- ^« 
cells were cultured in medium containing C418 .t O.J 

k.^ of G4l8 r 3T3 colonies obtained ranged 
25 me/ml. The number of G4io 

25 S/ . un dred: a subset of these was iso- 


In addition. 


Viral 


from 50 to several hundred; 
laced and expanded for further analysis. 
G418 * *2 clones we-re tested for virus pr .due . ». * 
niters for these clones ranged from 10 to 10 G418 
" nlts / B l of supernatant. The following 

30 colony-forming unics/ml ot sup 

After infection, NIH 
modifications were performed. After 
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c o 

of 0.5 mg/ml. A subset 



Laboratories; * ^ ~ 

of G418.resiscanc clones was then isolated and clones 
v.,. expanded for further analysis. Infected WEHI 2 3 1 
05 cells were selected wich C418 at a concentration of 3 
mg/ ml. The selected pool of cells was Chen cloned by 

, single cell clones chat produced the 

limiting dilution. Single cell c 

highest amounts of recombinant FNs , as determined by 
•^precipitations, were expanded for further analysis. 

10 Northern Blot J^nalvsis 

rZ^rT^ w„ i.olac.d f«« »B 3T3 ..11 .l.n.. b, 
gu .nidiniu« chiocyanac. »c.«cl.» f.ll...d by «««- 
T 6 "cio„ chro.ah C.C1 a» -scribed by C.I.J.". « 

B • i R • 5194 - 5199 ) . 20 MS of RNA 

al (1979). 3Lochem i£ £rv 18.519* .... 

~ j n B% aearose gels containing 1.1 

15 were eleccrophoresed in 0.8% agaros g 

K formaldehyde as described (Lehrach. H. - ^ - . < 19 77) 

- 16-4743-4751). After electrophoresis, gels 

Biochemistry 16.474.J u/ax; 

Stained with ethidium bromide to visualize the 

• • of 28S-18S ribosomal RNA and the relative RNA 
position of 28S I ^ ^ transferred to 

20 content m each ' (B io-Rad Laboratories, 

Zeta-Probe blotting memoranes t"" 

»< v, - CA) which were processed using protocols 
Rich mond CM. manufaccurer . DupliC ate RNA samples 

Ii;:Tsed fo/hybridi.ations with probes corresponding to 


25 


with 


CU^n w - - 

■P by random priming (Feinberg. 


0 ^T^rl lab.l.d for 20-2* h vich ..dl. ^ 

.„„« of unlab.led ...hl»l» (10* of ^« *» 


r e due e d 
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05 


10 


15 


normal media) and 25 M Ci/-l [ 3 5 S 1 me thionine 
(T-an 35 S-label. ICN Radiochemicals, Irvine. CA) . 
Conditioned media were immunoprecipitated using either a 
rabbit anci-rac FN serum R61 and goat anti-rabbit IgG or 
a m0 use monoclonal anti-rat FN M9 (a generous gift of K. 
Chiquet) and goat anti-mouse IgG, as described (Choi K. 
J,C Hynes. (1979). ^Bi^l^Che^ 1 5. : 120 5 0 - 20 5 5 ) . 
im^unoprecipitates were analyzed either with or 
.eduction by electrophoresis through SDS-PACE followed by 
fluorography. Direct binding of FNs in the conditioned 
media to ge latin - c oup led Sepharose (Pharmacia Fine 
Chemicals. Piscataway. «J ) was carried out as described. 
The bound materials were also eluted by 4 M urea ,n PB 
and used directly for binding assays with heparin- coup led 
Sepharose (Pharmacia Fine Chemicals) as 

Pri ce J. and R.O. Hynes . (1985). ^_Neu r o s ei, 5 . 2 2 0 5 - 


20 


2211 


25 


Purificacl nr ^ Recombinant Rat FNs WEHI231 ce ll 

le^mbinant FNs produced from expressor VEHI231 cell 
clones were purified by af f ini ty - chroma to graphy using a 
S elatin-coupled Sepharose column as ^^^oT 
I and E . Ruos lahci , (1977). Jnc. J. Cancer , l^' 205 - 
Briefly, the expressing clones were grown to sacuratxon 
in 3 1 ers of growth medium. The cells were then washed 
rn 3 liters g „ of RPMI 16 40 plus 

with PBS and resuspended in lO H"" 

5% PCS that had been passed through gelatin- Sepharose 4B 
co deplete FN in the serum. 'The cells were incubated 
further for 3 d and the conditioned media were 
concentrated and subsequently loaded onto a 
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gelatin-Sepharose 4B column. Recombinant FNs were eluted 
using u M urea in CAPS buffer (10 mM CAPS 

(cyclohexylaminopropane sulfonic acid). 150 mM NaCi , 2 mM 
EDTA , 2 mM PMSF. pH 11). The peak fractions as 
determined by UV absorption at 280 nm were pooled and 
dialyzed against CAPS buffer to remove urea. The final 
concentrations were determined again by UV absorption and 
also confirmed by comparison with protein standards on 
SDS-PACE followed by Coomassie blue staining. Typical 
yields were 3-5 mg of purified recombinant FN from 10 1 
of culture supernatant:. 


Cell^Sore a d i n e _ A s s a v 

The'biological activities of recombinant FNs were 

. w « a quantitative cell spreading assay 
determined by a quanci"" r 

m odified from that described by Yamada. K.M. and D.W. 
Kennedy. (1984). J^i^-li^ 80:492-498 and Obara. M. 
et al. (1988). Cell 53 : 64 9 - 6 5 7 . Restricted areas of 
Vts'sle culture plates were incubated with 25 „1 of serial 
dilutions of recombinant FNs for 2 h at room temperature, 
followed by incubation with 2 mg/ml heat-treated bovine 
serum albumin (BSA) (10 min at 80'C) in PBS for 2 hr at 
37-C and extensive washing with PBS. Adherent cell lines 
were harvested by brief tryps inization and then washed 
with PBS containing 0.5 mg/ml soybean trypsin inhibitor 
(S igma Chemical Co.. St. Louis. M0). The cells were 
Led to coated plates at 10 5 /ml in growth media m -t 
Suspension WEHI231 cells were washed with PBS and 
After 2 «hr of incubation at 37 C. 


s erum . 


added at 2 x 10 /ml 


the plates^ere washed with PBS and fixed in 


3.7% 
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05 


10 


15 


20 


25 


formaldehyde in PBS. Percent cell spreading was Chen 
decerned by counting three random fields (200-300 
cells) using a Nikon inverted phase - contras t microscope. 

Other F N Functio nal_Assavs 

The effect of various recombinant FNs on N118.HSV 
cells was examined as described by All. HI. 5i *i- 
(1977), Cell 11:115-126. Two ml of growth medium 
containing 2 x 10 5 cells were seeded in 35mm dishes. 
After 48 h. FNs were added in 100 M l PBS to give the 
desired concentration. Photographs were taken on the 
Nikon inverted phase - contras t microscope 24 h later. 

To examine their effects on cytoskeletal organi- 
zation, recombinant FNs were used to coat coverslxps at 
various concentrations. Murine melanoma B16F10 cells or 
fibroblastic BHK cells were then plated onto the coated 
coverslips in the absence of serum. 2 h later, the 
distribution of actin bundles and vinculin was visualized 
by immunofluorescence. Briefly, cells were rinsed twxce 
in PBS and fixed for 15 min in a freshly prepared 4% 
solution of paraformaldehyde (Fluka Chemical Co.. Bern. 
Switzerland) in PBS. rinsed and permeabilized with 0.5% 
NP-40 in PBS for 15 min. Cells were stained with mouse 
oA b against vinculin (Sigma Chemical Co.) in 10% normal 

PRS for 30 min at 37'C. After three washes 
goat serum in F»5 tor -> « 

with PBS , the second antibody mixture (rhodamine- 
conjugaced goat anti-mouse IgC and f luorescein-conj ugated 
phalloidin in 10% normal goat serum in PBS. Cappel 
Laboratories. Cochranville . PA) was added and incubated 
for 30 min at 37'C. After three washes, coverslips were 
m ounted in Celvatol and examined using a Zeiss Axiophot 
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St. Louis. MO) of NIH 3T3 cells was as described 
previously (Hynes, R.O.. (1973). Pr £ c__Natl__Ac i d__Sci^ 
USA 70:3170-3174). For WEHI231 cells, a modified method 
was employed: 2 x 10 8 cells were washed with PBS (PBS 
05 plus 1 raM CaCl 2 and 1 mM MgCl 2 ) and resuspended in 1 ml 
of PBS + containing 10 mM D-glucose (EM Science. Cherry 
Hill NJ). Two millicuries of Na 125 I and a mixture of 
lactoperoxidase and glucose oxidase were chen added to 
initiate the reaction (final concentrations: 20 M g/«1 
and-0.1 U/ml. respectively; Sigma). The labeling was 
allowed to continue for 10 min at room temperature «ich 
occasional rocking. Cells were then washed twice with 
PBS + containing 150 mM Nal and three more times with 


10 


PBS + 


15 'lodinated cells were extracted with 0.5% NP-40. and 

immunoprecipitation was performed as described previously 
(Harcantonio. E.E. and R.O. Hynes. (1988). i_Cell_Biol^ 
106:1765-1772). To detect integrin * 4 . extracts were 
Immunoprecipitated using Sepharose coupled with the rat 
20 monoclonal antibody Rl-2. followed by direct recovery by 
boiling for 3 min in the sample buffer (2% SDS . 100 mM 
Tris-HCl [pH 6.8). 10 mM EDTA . 10% glycerol and bromo- 
phenol blue). For some experiments, integrin complexes 
extracted from labeled WEHI231 cells were first dis- 
25 sociated by heating at 100«C for 2 min in 1% SDS. After 
cooling, a 5-fold excess of Triton X-100 was added, and 
C he extracts were precipitated with antiserum against fi 
as described above. SDS-PAGE was performed by the method 
of Laemmli, U.K. (1970). Nature' 227 680-685. Separation 
gels were 7% acrylamide with a 3% stacking gel. 
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Mr ftee Binding AiSiV.and_Afflnitv^llI°HiI°^ig^-^i^ 

V25-Seph arose 

The V25 pepcide was covalently coupled to CNBr- 
activated Sepharose 4B ac 2 mg pepcide per ml beads 
05 according co inscruccions provided by che manufacturer 

(Pharmacia Biochemicals Co.. Fiscacaway. N J ) . For direcc 
binding assays, iodinaced VEHI231 cells were extracted 
using 200 mH n - oc cy 1 -fi - D - glucopy ranos ide in 50 mM Tris(pH 
7*5] 150 mM NaCl . 1 mM MnCl 2 . 1 »M MgCl 2 . 1 mM CaCl 2 
10 (TBMMC) for 30 min on ice. These extracts were incubated 
with V25-Sepharose beads for 3 hr at 4-C. followed by 
washing in 50 mM n-octyl -fi - D - glucopyranos ide in TBMMC 
(washing buffer) four tin.es . The bound material was then 


eluted with the sample buffer and subjected to SDS-PACE 
15 as described above 
For 


25 


affinity chromatography, 2 ml of extracts from 


rot ^» ™ ~ ~ j — . 

125 I-labeled WEHI231 cells were loaded onto 1 ml (packed 
volume) V25-Sepharose by incubation at 4«C for 1 hr. 
followed by washing with 30 ml of washing buffer. 
20 Columns were eluted with 2 ml of washing buffer con- 
taining 1 -./-I V14 peptide, followed by 1 ml of v.. ,hx», 
buffer 2 ml of washing buffer containing 1 mg/ml V10 
peptide, and 2 ml of washing buffer. Fractions of 400 ,1 
were collected, and 40 „1 of each fraction were analyzed 
by SDS-PACE. Peak fractions eluted by the V14 and V10 
peptides were pooled, immunoprecipi tated and analyze by 
SDS-PACE. along with the starting material, as described 


above . 


PCI7US90/00650 

wo yU/U8833 

-44- 


Int egrin Reeeocer_Blndlnj 

Peptide inhibicion experiments were performed to 
define che active site in che V segment for interaction 
with WEHI231 cells and thus to facilitate the identifi- 
er cation of a receptor from these cells. Its effect on 
WEHI231 cell spreading was examined by including the 
soluble peptide in spreading assays on saturating amounts 
of. the V form of FN (60 Mg/ml) . The V25 peptide in- 
hibited the spreading of VEHI231 cells in a dose- 
10 dependent manner. At a concentration of 300 the 
inhibition was greater than 80%. By contrast, the 
peptide had little effect on the spreading of NIH 3T3 
cells on FN. demonstrating its specificity. The effect 
of peptides GRGDS P and GRGESP on WEHI231 cell spreading 
15 was also examined. Neither of these two peptides signi- 
ficantly inhibited WEHI231 cell spreading on the V form 
of FN. although the GRCDSP peptide blocked the attachment 
and spreading of NIH 3T3 cells on FN as expected. 

Shorter peptides from within this segment were 
20 synthesized and tested for their ability to inhibit 

WEHI231 cell spreading (Figure 9). Whereas a 10 amino 
acid peptide (V10) comprising the C-terminal segment of 
the V25 peptide was almost. as effective an inhibitor of 
spreading as the V25 peptide itself, two other 10 amino 
25 acid peptides, V10a and VIOb. were ineffective in inhi- 
bition, as were two scrambled peptides. V10S1 and V10S2. 
which contained the same amino acids as V10 but in 
different orders (Figure 9). .In these experiments, a 14 
amino acid peptide, V14 . which overlaps partially with 
3 n V10. and GRCDSP both showed slight inhibition of 

spreading. These data localize the site within V25 that 


WO ¥0/08833 


-45- 


PCT/US90/00650 


is necessary for promoting cell spreading to a 10 amino 
acid segment. 

It is known that integrin is a major functional 

FN receptor on many cells including NIB 3T3 cells 
05 (Solowska et a 1 . 1989) and it recognizes the central 

binding domain of FN (Pierschbacher , M.D.. and Ruoslahti. 
E Nature, 309:30-33 (1984); Pierschbacher, M.D.. and 
RuosIIhli. eT. Proc. Natl. Acad^S ci^USA . 81 : 5985.3918 
(1984); Pytela. R.. et al.. Cell. 40:191-198 (1985); 
10 Ruoslahti. £ . . and Pierschbacher. K.D.. Science. 2 38: 

491-497 (1987); Buck. C.A.. and Horwitz. A.F.. Annu t _R 4 v A 
Cel l Biol. . 3:179-205 (1987); Hynes , R.O.. Cell. 48: 
549-554 (1987)). This can explain the similar degrees of 
spreading of NIH 3T3 cells on all forms of recombinant 
15 FNs since the central cell binding domain is present in 
all forms. On the other hand, it appears that a dif- 
ferent FN receptor is expressed on the surface of VEHI231 
cells, which can only interact with the V form of FN. 
through recognition of the alternatively spliced V25 
20 s e gmenc . 

The surface integrin expression on VEKI231 cells in 
comparison with that on NIH 3T3 cells were characterized. 
Cells were surface labeled with l25 X. and detergent 
extracts were immunoprecipitated with several different 
25 antibodies. Rabbit antiserum for integrin ^ was raised 
against a fi. cytoplasmic domain peptide and reacts 
specifically with the ^ subunic from many species, 
including mouse ( Marcantonio . E.B.. and Hynes. R.O.. =U. 
Cell Biol,. 106:1765-1772 (1988)). The antiserum pre- 
30 Il^ed fil subunits (around 120 kd) together with the 
larger « suLnits from both NIH 3T3 and WEHI231 cells. 
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15 


20 


25 


30 


effect on the binding. The control peptides VIOa. VlOb . 
and Vi0s2 (see Figure 9b) were also ineffective in 
blocking binding. These results parallel the effective- 
ness of these peptides in inhibiting UEHI231 cell 
spreading on the V form of FN (Figure 9). In these 
direct binding experiments, the scrambled control pep- 
tide. VlOsl, inhibited partially. 

Taken together, these results support the hypothesis 
that the V25 peptide is the active site for mediating 
UEHI231 cell spreading rather than inhibiting the. cell 
spreading by interfering with a nearby site. The paral- 
lelism between the ability of various peptides to inhibit 
VEHI231 cell spreading and their ability to interfere 
with the binding of the 120-150 kd proteins to V25- 
Sepharose strongly suggests that the 120-150 kd proteins 
are the cell surface receptor mediating the spreading. 

To test whether the 120-150 kd proteins are integrin 
complex a k P x , V2 5 - S ephar o s e column was then used to 
purify the. receptor by affinity chromatography. VEHI231 
cells were iodinated and extracted with n-octyl glucoside 
in buffer containing divalent cations. The extracts were 
loaded onto the V25 - Sepharose column by incubating with 
the beads for 1 hour at 4'C and then washed extensively. 
The bound materials were eluted sequentially with buffers 
containing 1 mg/ml V14 peptide and 1 mg/ml V10 peptide. 
Aliquots of each fraction were analyzed on SDS-PAGE. 
Consistent with the direct binding experiments, proteins 
migrating as a 120-150 kd smear on'the gel were bound to 
V25-Sepharose beads. About 40% of the bound material (as 
estimated by cpm) was eluted with the V14 peptide, and 
the remainder was eluted with the V10 peptide. 
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Furrhermore. the same bound material could be eluted 
completely with either the V25 peptide or the V10 peptide 
when applied first. Fractions from both VIA peptide 
eluates (peak I) and 710 peptide eluates (peak II) were 
05 chen pooled and analyzed along with the starting material 
by immunoprecipitation with several antibodies specific 
for integrin subunits. The antibodies against either the 
integrin or « 4 subunits precipitated the 120-150 kd 
proteins from both peak I and peak II. as well as from 
10 che starting material. These results suggested that the 
120-150 kd proteins bound to V25 - Sepharose beads were 


LiU-lJU — 

a .. nB iex The results indicate 
indeed the integrin complex. 

0 is a functional FN receptor and 
alternatively spliced segment V25 . This 


chat integrin is a functional FN receptor and 

recognizes the alternatively spliced segment V25 . 
15 conclusion was confirmed for complexes isolated from 

m urine melanoma B16-F10 cells. The results also suggesc 
chat the interaction between integrin « 4 * x and the V25 
peptide occurs in the V10 peptide region but could be 
affected partially by the overlapping V14 peptide. 
20 To prove that the interaction between integrin 

and the V25 peptide in the V form of FN is responsible 
for mediating VEHI231 cell spreading on the V *«" •< ™« 
an antibody blocking experiment was carried out. WEHI231 
cells were preincubated with the rat monoclonal antibody 
25 R1 . 2 specific for integrin « 4 . anti-IgM or rat IgC 

antibodies for 30 min at 4-C. The cells were then seeded 
in the dishes coated with saturating amounts (60 «/■!> 
of che V form of FN. The percentage of cell spreading 

.,., ofl Ac cwo different concentrations, 
was then quantitated. At two o 

Rl-2 almost completely abolished the spreading of WEHI231 
cells (>95% reduction). In contrast, spreading of 


30 
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concrol samples incubated with Rat IgG was not affected 
significantly. Furthermore, incubation with a rat 
m onoclonal antibody against mouse I,K. a major surface 
protein of WEHI231 cells (Ralph. P.. Immuno l^_Re 
05 48-107-121 (1979)). did not inhibit its spreading 

^preciably. This excluded the possibility chafRl-2. 
blocked UEHI231 cell spreading simply by binding to their 
surfaces. Since Rl - 2 is a monospecific antibody for 
fflB use integrin a,, these results prove that lymphoid 

i- Q the V form of FN in vitro by 
10 WEHI231 cells respond to tne 

their surface integrin receptor a^ r 
Eouivalents 

Those skilled in the art will recognize, or be able 
„ ascertain, using no more than routine experimentation. 
15 numerous e q uivalents to the specific substances and 
procedures described herein. Such equivalents are 
considered to be within the scope of this invention, and 
are covered by the following claims. 
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10 2. 


15 


20 
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5 . 

25 


A mechod of producing a homogeneous recombinanc 
cellular fibronectin homodimer that is biologically 
active, comprising introducing into an appropriate 
host cell a recombinant vector comprising a full 
length cDNA encoding cellular fibronectin of 
m ammalian origin and maintaining cells containing 
che recombinant vector under conditions appropriate 
for expression of the cellular fibronectin. 

A method of Claim 1. wherein the cellular fibro- 
nectin of mammalian origin is rat cellular fibro- 
nectin or human cellular fibronectin. 

A method of producing a recombinant cellular fibro- 
nectin which is a homodimer. comprising transfect.ng 
an appropriate host cell with a recombinant retro- 
virus comprising full length cDNA encoding a 
cellular fibronectin of mammalian origin and main- 
caining cells transfected with the recombinant 
retrovirus under conditions appropriate for inte- 
gration of the cDNA into host cell genomic DNA and 
expression of the integrated cDNA. 

A method of Claim 3. wherein the host cell is NIH 
3T3 cells or WEHI231 cells. 

A method of Claim 4, wherein the cellular 
fibronectin of mammalian origin is rat cellular 
' fibronectin or human cellular fibronectin. 
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A recombinant homogeneous cellular fibroneccin 
homodimer of mammalian origin that is biologically 
active, produced by the method of Claim 1. 

A recombinant homogeneous cellular fibronectin 
homodimer of mammalian origin that is biologically 
active, produced by the method of Claim 3. 

A recombinant homogeneous cellular fibronectin 
homodimer of mammalian origin that is biologically 
active, produced by a method comprising introducing 
into an appropriate host cell a recombinant vector 
comprising a full length cDNA encoding cellular 
fibronectin of mammalian origin and maintaining 
cells containing the recombinant vector under 
conditions appropriate for expression of the 
cellular fibronectin . 

A recombinant homogeneous cellular fibronectin 
homodimer of mammalian origin that is biologically 


active , 


in which region EIIIB is not present. 


A recombinant homogeneous cellular fibronectin 
homodimer of mammalian origin that is biologically 
active, in which region EIIIA is not present. 

A recombinant retrovirus comprising a full length 
cDNA encoding cellular fibronectin of mammalian 

origin. 


WO 90/08833 


PCT/US90/00650 


-S3 


5 


12 . a recombinant retrovirus of Claim 11. which further 
comprises a gene encoding a selectable marker. 

13. A recombinant retrovirus of Claim 13, wherein the 
gene encodes C418 resistance. 

14 A recombinant cellular fibronectin of mammalian 

- origin in which the carboxy terminal 25 amino acids 
of region V are not present. 


15 


A recombinant cellular fibronectin of Claim 14, 
wherein the fibronectin is a heterodimer or 
10 homodimer . 



WO 90/08833 


2/1 1 


PCT/US90/00650 


RPrnMBlNANT RETROV IRUS ■ dLJ-FN 
FIBRONECTIN NEO-R 


Transfectlon 


Packaging Cell 

1 Transcription/Splicing 


| NEO-R mRNA 

FIBRONECTIN 

mRNA 

1+ Viral Proteins 


Recombinant Retrovirus 


Reverse Transcription 


Recipient Cell 

NEO-R mRNA 
FIBRONECTIN mRNA 

V 

FIBRONECTIN 
SECRETED FIBRONECTIN 

FIG. 2. 


' SUBSTITUTE SHEET 


WU i'U/U88J3 


3/11 


PCI7US90/00650 



WO 90/08833 


PCT/US90/00650 


4/11 



»3 

6 


CD ^4 


AS 


M ^ t~i W| M 


— H 

I > 
M U 


WO 90/08833 


5/11 


PCT/US90/00650 



PCT/US90/00650 

WO 90/08833 

6/11 



ug/ml FN 


FIG. 5 


7/11 


NU.8-HSV 



SUBSTITUTE SHEET 


8/1 1 


Total FN 



FIG. 7a 


Rat FN 



FlG.7b 



FIG. 7c 


SUBSTITUTE SHEET" 


WO 90/08833 


9/11 


PCT/US90/00650 



90ug/ml 


Rat FN 


FlG.7f 


10/11 



SUBSTITUTE SHEET 


11/11 


120 n 



viosi GPSVDPTLIE 
Vios2 VIPDLTESPG 


FIG. 9B 


SUBSTITUTE SHEET 


INTERNATIONAL SEARCH REPORT 

International Application No PCT/US 90/00650 

I. CLASSIFICATIO N OF SUBJECT MATTER (it HWfH clarification lymoolm aoolT, indlcaf alO « . 

According to Infrnanona. P«.m CU...f.«u.« <IPC) or to ootn Nation.. CU..if.c.uon .no .PC " .- /flC 

|pc 5 C 12 P 21/02, C 07 K 13/00, C 12 N 15/12, C 12 N 15/86 

II. FIEUDS SEARCHED — 

Minimum Documentation Searched » 


Claudication Syitim t 


Clastlfication Symooia 


IPC" 


C 12 N, C 12 P 


Documentation Searched other than Minimum Documentation 
to the E*t.nt that auch Oocumonta ara Included in tha Flelde Searched 


111. DOCUMENTS CO NSIDERED TO M RELEVANT* i . 

I Cei, nor, • I Cilat.on ot Decuma n.. " with Indicatio n, where aoproortata. o* tno relevant o.aayo a^ 


EP, A, 0207751 (DELTA BIOTECHNOLOGY) 
7 January 1987 
see claims 


EMBO Journal, volume 4, no. 7, 1985, 
IRL Press Limited, (Oxford, GB) , 
A.R. Kornblihtt et al. : "Primary 
structure of human fibronectin: 
differential splicing may generate 
at least 10 polypeptides from a single 
single gene" , 
see pages 1755-1759 

EMBO Journal, volume 6, no* 9, 1987, 
IRL Press Limited, (Oxford, GB), 
J.E. Schwarzbauer et al.: "Multiple 
sites of alternative splicing of the 
rat fibronectin gene transcript" , 
pages 2573-2580 

see page 2576, column 2, lines 3-7 
• / • 


1-15 


1-15 


1-15 


• Special catagonea ot etted doeumenta: « 

-A- document defining tha general etate «rt the art which ta not 

conatoereo to bo ot ©erucuiar reievence 
-E- eortier document but publianed on or alter the international 

filing oato 

•L- document whleft mow throw doubta on ^^L^^S 
wnicn ta cited to eetaouen the o« eU ""°" ot • nofn>r 
citation or other eoeciai reason laa epecmeoi 

-O- document referring to on oral diactoauro. uao. eihibrtton or 
ether meana 

-©- document oubttehed prior to the international Wing date but 
later then the orient? oate claimed 


later document oubllohed after the International filing date 
or onorrrf date ana not in conflict w.tn tne eopi.cet.on out 
crteVtoinoeratmno the pnncioie or tnoory unoeny.ng the 
Invention 

•X- document ot oarticuiar relevance: the ^• nt1 °" 
cannot be coneidereo novel or cannot be coneioereo to 
Involve an inventive ateo 

■Y- document of particular relevance:' the claimed i "*2 t i2- 
cannot oe conaioereo to involve an inventive ateo 
document ta comotneo witn one or more other aucn oocu- 
mento. such comoineuon oeing oovtoua to e peraon sfciueo 
In tne an. 

document member ot the aeme patent family 


IV. c«wti«icatiow 

Oate of the Actual Comoieuon ot the Internauonel Seercn 

4th May 1990 

Oat* ot Mailing ot thle Intemauonei Searcn l***^ 1 Qf^ (JQ 

Internauonel Searching Autnonty 

EUROPEAN PATENT OFFICE 


M. PE!S 



Form 


PCT/1SAO10 '••cone eneetl fjanuenr tteol 


Intimations! Aoolication No PCT/US 90/00650 


III. DOCUMENTS CONSIDERED TO BE RELEVANT ;C3Nn::UE0 FROM THE 5ECONO SHEET ) 

CaUoory * | 

Citation of Oocum«nt. " witn indication, mnmrm aooroonata. a* in* f»i«»ant oataagas | 

Rtitvant to Claim Mo. 

P,X 

The Journal of Cell Biology, volume 109, 
no. 6, pt. 2, December 1989 , The 
Rockefeller University Press, 
(New York, NY, US) , 

J.E. Schwarzbauer et al. : "Selective 
secretion of alternatively spliced 
f ibronectin variants" , 
see pages 3445-3453 

14, 

lS 

A 

Proc. Natl. Acad. Sci. USA, volume 84, 
April 1987, (Washington, D.C. , US), 
A.J. Korman et al. : "Expression of 
human class II major 
histocompatibility complex antigens 
using retrovirus vectors", 
see pages 2150-2154 

11- 

13 


Form PCT/ISA 2!0(«xti»« sn«et> (January 1985) 


ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. us 9000650 

SA 34681 

This annex lists the patent family members relarin S to the , paten, documents cited in the above^entioned im«n,ao.na. search report. 
n>n>n>m kk as contained in the European Patent OITiee EDP file on 12/06/90 

Tne Eur.pe7nTa«™« Offi« ^ in no way table lor these p.meulars which are mere* pven for the purpose of mfonnan.n. 


Patent document 
cited in search report 

Publication 
date 

Patent family 
memberts) 

Publication 
date 

EP-A- 0207751 

07-01-87 

AU-A- 5931586 
JP-A- 62089699 

08-01-87 
24-04-87 



I For more details about this annex : sec Official Journal of the European Patent Office. No. 12/82 


per 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 


INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


Al 


(51) International Patent Classification 5 
C12P 21/02. C07K 13/00 
C12N 15/12, 15/86 

(21) Internationa. Application Number: PCT/US90/00650 

(22) International F.Hng Date: 2 February 1990 (02.02.90) 


(11) International Publication Number: 
(43) International Publication Date: 


WO 90/08833 
9 August 1990 (09.08.90) 


(30) Priority data: 
305.849 
Not Furnished 


2 February 1989 (02.02.89) 
I2JanuarV 1990(12.01.90) 


US 
US 


(71) Applicant: MASSACHUSETTS INSTITUTE OF TECH 

NOLOGY (US/US1; 77 Massachusetts Avenue, Cam 
bridge, MA 02139 (US). 

(72) Inventors: GUAN, Jun-Lin ; 41 Dimick Street Apartment 
C } 3 Somervilie. MA 02143 (US). HYNES, Richard, O. , 97 

Hoitt Road, Belmont, MA 02178 (US). 


(74) Agents: OLEIC Alice. C. et al.: Hamilton. Brook S mith & 
Reynolds, Two Militia Drive. Lexington, MA 02173 
(US). 

(81) Designated States: AT (European patent), BE (European 
patent), CA. CH (European patent), DE (European pa- 
tent) DK (European patent), ES (European patent), 
(European patent), GB (European patent), IT (European 
patent), JP, LU (European patent), NL (European pa- 
tent), SE (European patent). 


Published 

With international search report. 

Before the expiration of the time limit for amending tht 
claims and to be republished in the event of the receipt o 
amendments. 


( 5 4)T„le: EXPRESSION OF RECOMBINANT FIB RONECTIN IN GENETICALLY ENGINEERED CELLS 


Fihrnnpctin — < " g variants 


Fibrin GeUi»n 
Heparin CoUagen 

ii 1 


Ca „ Heparin Call F">"n 
y r-H 1 ^ 


.4][I]D[H]CXDQLnDO 


KEY 

TyP« * {} 
Typ« » O 



acoi 



□ 6 vo □ — □ 

Human Rat 


(57) Abstract 

„»„. cllubt f,l. ro n~to. T." on P" ja »«f 1, . a ™« " " ™ ' £™£n*S 25 «n.ino adds of m»« V MtM. The recon* 



FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 

applications under the PCT. 





AT Autta 

ES 

Spain 

MG 

Madagascar 

AU Aiianfe 

FT 

Fmkod 

ML 

Mab 

BB Barbados 

FR 

France 

MR 

Mauritania 

BE Belgaim 

GA 

Gabon 

MW 

Malawi 

BF Burkina Fasao 

GB 

United Kingdom 

NL 

Netherlands 

BG Bulgaria 

KU 

Hungary 

NO 

Norway 

BJ Bean 

rr 

turf 

RO 

Romania 

BR Bnz£- 

jp 

Japan 

a> 

Sudan 

CA Canada 

KP 

Democratic People's Republic 

SE 

Sweden 

CF Central African Republic 


of Korea 

94 

Senegal 

CG Congo 

KR 

Republic of Korea 

SU 

Sovki Uncn 

Q4 Swazertand 

U 

Ljecbxensetfi 

TD 

Chad 

CM Cameroon 

IX 

Sri Lanka 

TG 

Togo 

DE Germany. Federal Republic of 

uu 

Luxembourg 

U5 

United States of America 

OK Denmark 

MC 

Monaco 




EXPRESS ION_OF_RECOMBINANT_FIBRONECTIN_IN 
GENET! CALLY_ENGINEERED_CELLS 


Background . . 

~~ The interactions of cells with one another and with 
05 extracellular materials (e.g.. matrices, solid surfaces) 
are of vital importance for cell function. These inter- 
actions have major effects on the proliferation, differ- 
entiation, and organization of cells. These interactions 
are often mediated by a class of high molecular weight 
10 glycoproteins that are involved both in these inter- 
actions and in the actual structure of extracellular 
.trices. One important glycoprotein of this class is 
fibronectin. Hynes . R.O.. Ann^Re v_C e 1 1 _B i^I, . 1:67-90 
(1985); Hynes. R.O.. S £ i en t i f i c_Ame r i can . 2 54:42-51 
15 (1986); Hynes. R.O. and K.M. Yamada, J,_Cell__Bi£l, • 
95:369-377 (1982). 

" Fibronectins are high molecular weight glycoproteins 
involved in cell adhesion, morphology and migration. 
Fibronectin has been shown to consist of a dimer of two 
20 subunits. each about 250 kilodaltons in size. The two 
subunits. which are similar, but not necessarily iden- 
tical each fold into an elongated and flexible arm. 


They are joined by disulfide bonds very near their 
C - termini . 

Each subunic is made up of a series of tightly- 
folded globular domains, each of which is specialized for 
05 binding co other molecules or to cells. Hynes . R.. Ann, 
R £ v^_C e 1 1^_B i o 1^ , 1:67-90 (1985). They are composed of a 
series of homologous repeating units of three types: 
Type I and II homologies, which are disulfide -bonded 
1-oops each A5-50 amino acids long, and Type III homo- 
10 logies. which are 90 amino acids long and lack disulfide 
bonds. Patel. R.S. e t a 1 . . Th e_EM B0_Jo u r na 1 , 6:2565 - 2572 
(1987). Hynes. Ann_R e v_Cell_B i oL . 1:67 - 90 (1985). 
Recombinant DNA analyses have shown that although dif- 
ferent subunits differ in parts of their primary 
15 sequence, they arise from a single gene and are identical 
over much of cheir sequence. Kornblihtt et al.. 
Pr oceedin gs^ Che Jatio^^a^v^f^ciences^USA , 
80-3218-3222 (1983). More Chan 90% of the sequence of 
fibronectin is made up of repeats of these three homo - 
20 logies. However, studies have indicated that fibro- 
nectins from different sources, e.g., fibroblasts 
(cellular) and plasma, are not identical. For example, 
plasma fibronectin contains subunits of two different 
mobilises on SDS - poly aery lamide gels and fibronectin 
25 from fibroblasts (cellular fibronectin) shows a differen 
subuniC pattern. Paul, J.I. et al.. i £ I __ C h e , 

261:12258-12265 (1986). 

~~ Recently, it has been confirmed that two Type III 
repeats, designated EIIIA and EIIIB . are alternatively 
30 spliced and are e-ach encoded by a single exon. Both 
EIIIA and EIIIB are always omitted by liver cells. 


05 


10 


although both can be included by other cell types and all 
possible combinations occur. Because both EIIIA and 
EIIIB are omitted by hepatocytes . neither repeat occurs 
in plasma fibronectin. It is interesting to note that a 

»~<- a *4 v is also alternatively 
chird region, designated V, is else 

spliced. Unlike EIIIA end EIIIB. however. .= » 
/acivelv sliced both in fibrob^scs and ^"^Z 25 SO 
Schvarzbau.r. J.«. » el-. Ih i _l«BO_iournal "» 
<l9 .7>. Thus. Che V region can be pre.enc „ b.ch 
fibron.ccin and fibroblast or cellular f ibr onec c ln . For 
cellular fibronectin. therefore, there are eight possible 
combinations or variance of these three alternatively 
spliced regions: 

sp Designated herein 


Comb ination 


15 


b"a" V 
b + a"v" 

- + - A 
B A V 


as 

0 
B 


20 


b" a'v 

B + A*V H 

b" a"V 

bW 

B + A + V 


V 

BV 
AV 
BA 
BAV 


25 


30 


,„ plasma fibron.ccin. there can be no variancs in which 

A and B are present. 

ribroneccms play an important role in many 
logical systems. Th., have been shown CO be involved in 
1 adhesion and migration, eel! morphology. U...,. , 
,. ■ „d oncogenic crans formation . Hynes . i.O. 
thrombosis and oneog 95;369 . 377 (1982) and Hynes. 
K . M . Yamada, I, Cell. D —— 
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For example, f ibronectin is thought to play an 
important role in the cell processes involved in tissue 
repair, particularly wound healing. The ability to 
repair damaged tissue, wound healing, represents an 

05 important response to injury that is common to all 

complex organisms. Just as in embryonic development, 
this process involves cell proliferation, migration and 
differentiation of a number of different cell types. 
Fibronectin promotes cell migration in culture and is 

10 present in the embryo associated with many different cell 
migrations. In addition, antibodies to fibronectin or to 
cell surface receptors of the integrin glycoprotein 
family can block migration when injected into the intact 
embryo . 

15 Fibronectin is expressed at high levels in healing 

wounds. It is derived from two sources: plasma fibro- 
nectin, which is present in the exudate from damaged 
blood vessels, and cellular fibronectin, which is syn- 
thesized locally in the wound tissue. Fibronectin 

20 appears to be involved in the migration in_vi t r q of four 
major cell types that migrate into the area of the wound. 
Fibroblasts and epithelial cells are stimulated to 
migrate by fibronectin. 

Presently, only plasma fibronectin is available 

25 (e.g., for therapeutic uses) in quantity. However, it is 
a mixture of variants and is impure and, thus, its use in 
treatment may be of limited value, particularly in those 
circumstances in which a pure form or a combination of 
selected variants, rather than a mixture of variants, 

30 would be more effective. 
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Sun»marv_of_tbe_Invencion 

. - „ „ folates to a method or pro 

The present invention relates 

d «U S fibroneccin of 

che us. of gen.cic .ngin..ring c.chniou.s . a. «" " Co 

inieh includ.. as desired, r.g.on B. ... 
1. region » " * "'""I £ rh.se regions can 

also b ^;*»;-/ r - fr t o :";;.:: ntly .„. 11 . lll . £ — - 

inv.no.on differ II reco »bin.nc ho.ogen.ous 

i_ .,K-io*-t f ibr onec c ins are ^ ^ 
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w full leneth cDNA encoding 

- recombinant full ien&i-i 
invention. inCro duced into an appropriate 

cellular fibronec in is recrovirus <or other 

20 — ^ ° T L full length cDNA is expressed in 

sui table vector > Th. f . ^ Qf £ull lengch 

Che host cell, resul 5 possib le variants of 

cellular f ibr.onectm . The eigh p 

v. ,-,e cellular fibronectm (i.e., 
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(racher than che mixtures of heterodimers which naturally 
occur) . 

Brief Descr i p_ t i £ n_o f _ c h e _D r a w i ng s 

Figure 1 is a schematic representation of 
05 fibronectin and its variants. 

Figure 2 is a schematic representation of the method 
of the present invention, by which recombinant full 
length fibronectin is produced. 

Figure 3 shows the entire nucleic acid sequence 
10 encoding recombinant full-length rat fibronectin. 

Figure 4 demonstrates expression of different 
variants of fibronectin in WEHI231 cells, which are 
lymphocytes which do not themselves produce fibronectin. 
immunoprecipitation. using a polyclonal antibody (R61.1) 
15 which recognizes total fibronectin. was carried out. 

followed by reduced and nonreduced gel electrophoresis. 
UEHI231 cells infected with a recombinant vector con- 
taining one of the following were analyzed:^ pLJ . control 
(no fibronectin variant); 0, b"a _ V _ ; B. B A V ; A. 
20 B"A + V-; V. B"A"V + . Results of reduced gel electro- 
phoresis demonstrate the presence of the fibronectin 
monomer and results of nonreduced gel electrophoresis 
demonstrate dimerization of fibronectin. 

Figure 5 is a graphic representation of spreading or 
25 adhesion of melanoma cells (B16F10) on various variants 

and concentrations of recombinant fibronectin produced in 
WEHI231 cells. 0. B. A and V indicate the fibronectin 
variants used (see Figure 4 for variant type). 


Figure 6 is a photograph which demons tr ace s the 
ability of recombinant fibronectin variant A ( B A V 
pr oduced in WEHI231 cells to promote reversion of 
Hil.S-HSV morphology to a normal morphology. 

Fi gure 7 is a photograph which demonstrates the 
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full length (recombinant cellular fibronectin) and of 
producing modified, essentially full-length recombinant 
cellular fibronectin. cDNA encoding recombinant cellular 
fibronectin has been expressed in NIH 3T3 and WEHI231 
05 cells and tested on several cell types ( CHO . Rat-1. BHK. 
B16 melanoma) which are standard cell types used to assay 
fibronectins. It has been shown, using art - recognized 
methods, to be produced in the form of essentially pure 
homogeneous homodimers and to be biologically active. 

1 0 Recombinant_Cellular_Fibroneccin 

The following is a description of construction of 
cDNA encoding cellular fibronectin variants and of 
vectors useful for introduction of the cDNA into appro- 
priate host cells, expression of the encoded cellular 
15 fibronectin in host cells containing the cDNA and char- 
acterization of the recombinant cellular fibronectin 
produced in this manner. Although the following des- 
cribes cellular fibronectin of rat origin, it is to be 
understood that the same procedures can be used with cDNA 
20 encoding cellular fibronectin from other sources (e.g.. 
human) to produce the encoded recombinant fibronectins. 

Fibronectin and its variants are represented 
schematically in Figure 1. As shown, fibronectin in- 
cludes regions which bind to various proteins or other 
25 substances (e.g.. fibrin, heparin, collagen, gelatin) as 
well as three regions, described above, designated EIIIB. 
EIIIA and V. Regions EIIIB and EIIIA can be present in 
cellular fibronectin. but no* in plasma fibronectin. 
Region V can be present in variants of both cellular and 
30 Plasma fibronectin. As described above, there are e.ght 


possible combinations of rhese three regions (eight 
variants) in the case of full length cellular fibro- 
nectin. cDNA encoding each of these eight variants has 
been produced by combining or joining cDNA fragments, 
each of which encodes a portion or segment of cellular 

-„„ Patel R.S. et al . , The_EHBO_J i , 
fibtonectin. See. Patei, 

6:2565-2572 (1987); Schwarzbauer . J.E. et al.. —————— ~ 

j 6:2573-2580 (1987). 

~The full length cDNA was introduced into appropriate 
) cells, in which it was expressed and subsequently 

secreted, in the following manner, which is represented 
S chematically in Figure 2. Figure 3 shows the . entire 
nucleic acid sequence encoding recombinant full-length 
ra t fibronectin. Recombinant full length cDHA encoding 
5 fibronectin was introduced into the p L a vector using 

k nown techniques. See. Schwarzbauer . E ^ *1 • . U2^ 

a of Sci USA. 84:754-758 (1987). 
of the Natl i _Acad i _o£_S£i ii _"2_. — . ~ _ 

^wlr^r has also modified the vector 
splice site. This modifed vector is called pLJ The 

* b m have been described in Korman. 
10 characteristics of pLJ have b 

A j et al.. Proc__of_.he_N^l_Acad_of_Scx^_USA. 

84-2ll0 T^SlZ This vector is capable of expressing 

^Cb the gene of interest and a dominant 

.ar.er. such as the neo gene. The 
« i a m direct orientation into a BamHI/Smal/Sall 
25 cloned in direct ^.^ ^ ^ 

cloning site just distal to 

1. olaced distal to an internal promoter (from SV 
gene is P^"* cloning site . Transcription 

which is located 3 which 

tt ie initiated at two. sites: 1) the 5 
from PL, is nit. q£ ^ gene o£ inceresC and 

30 is responsible for expr respons ible for 

2) the internal SV40 promoter, which is respo 
expression of the neo gene. 


-10- 


The diagram at the cop of Figure 2 is a repre- 
sentation of pLJ and the additional sequences inserted 
into it (e.g., full length cDNA encoding cellular fibro- 
nectin and a neomycin res is tance - encoding gene. NEO-R). 
05 resulting in production of a recombinant retrovirus 
designated pLJ-FN. The NEO-R gene product confers 
resistance to the antibiotic. G418 , in mammalian cells 
and can be used to select cells containing the recombi- 
nant vector. The resulting plasmid (pLJ-FN) was intro- 
10 duced into a packaging cell (e.g.. Psi 2 cells), in which 
Che cDNA was transcribed and the resulting fibronectin 
mRNA and NEO-R mRNA incorporated or packaged into viral 
particles which subsequently bud out of the cells. 

If the sequences necessary for encaps idation (or 
15 packaging of retroviral RNA into infectious virions) are 
missing from the viral genome, the result is a cis defect 
which prevents encaps idation of genomic RNA. However, 
the resulting mutant is still capable of directing the 
synthesis of all virion proteins. Mulligan and co- 
20 workers have described retroviral genomes from which 
these Psi sequences have been deleted, as well as cell 
lines containing the mutant stably integrated into the 
chromosome. Mulligan. R.C Ini^xEeri 2 £ntal_Han i£ u 1 
lation of_Gene_Exp.ression. M. Inouye (ed.). 155-173 
25 a98^TT Mann. rT et a 1 . . Cell. 33:153-159 (1983); Cone. 

R.D. and R.C. Mulligan. P^_of^h^^l_Acad^_of_Sc j_ 
USA. 81:6349-6353 (1984). 

The Psi 2 cell line described by Mulligan and 
co-workers was created by transfecting NIH 3T3 fibro- 
30 blasts with pM0V-.Psi\ which is an ecotropic Moloney 
murine leukemia virus (Mo-MuLV) clone. pMOV-Pso. 
expresses all the viral gene products but lacks the Psi 
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sequence, which is necessary for encaps idacion of the 

viral genome. pHOV-Psi' expresses an ecotropic viral 

envelope glycoprotein which recognizes a receptor present 

only on mouse (and closely related rodent) cells. 

05 Another cell line is Che Psi'am line, which are 

Psi-2-like packaging cell lines. These. Psi am cell lin.. 

contain a modified P MOV - Ps i " genome . in which the eco- 

lot,- elvcoprotein has been replaced with 
tropic envelope giycoptu"* 

«. ee derived from the amphotropic virus 
eftvelope sequences aeriveo ttuu. 

envelop H J o u r n a 1 _ o f _V i r o 1 o S2 . 

10 4070A. Hartley, J.W. and w.r. 

19-19-23 (1976). As a result, they are useful for 
Reduction of recombinant virus with a broad mammalian 

• - >, „ c r ranee The retrovirus used 
host range, amphotropic host range. 

to make the Psi-am cell line has an amphotropic host 
15 range and can be used to infect human cells. If the 

re combinant genome has the Psi packaging ^ 
Psi .am cell line is capable of packaging recombinant 
re troviral genomes into infectious retrov iral partic es . 
Cone. R- and R • Hulligan, Pr ££ ^£-^^-^ 
20 USA 81:6349-6353 (1984). 

" T^e retroviral genome has been modified by Cone and 
Hulligan for use as a vector capable of introducing new 
S enes into cells. The £ a S . the 2£ 1 and the £B v genes 
Tave all been removed and a DNA segment encoding the neo 


25 7ene has been inserted in their place. The neo gene 

erves as a dominant selectable marker. The retroviral 
sequence which remains part of the recombinant : genome 
— rc the ..A binding 

:;;:i:: ns iri:i S Stance. — r — 

onstructed as described and inserted into the 


30 (1984). 
was c 
vector , 


as indicated in Figure 2 
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The resulting recombinant retrovirus (pLJ-FN) was 
used to infect appropriate recipient/host cells (e.g., 
NIH 3T3, VEHI231). In these cells, reverse transcription 
of the viral RNA results in generation of a DNA copy, 
05 which integrated into the host cell genome. Infected 

cells, which were G418 resistant, synthesized the encoded 
recombinant fibronectin variant, which was subsequently 
secreted into the culture medium. 

Each of the eight fibronectin variants in which 
10 EIIIB. EIIIA and/or V can be present was expressed in at 
least one of the following two types of mammalian cell: 
NIH 3T3 and WEHI231. Methods for making the variants are 
described in detail in the Exemplification. WEHI231 
cells expressing the V fibronectin variant (B A V ) have 
15 been deposited, according to the terms of the Budapest 
Treaty at the American Type Culture Collection 
(Rockville. MD ) under Accession No. CRL10019 . The 
resulting recombinant fibronectin was tested on several 
cell types (e.g.. CHO . Rat-1. BHK. B16 melanoma cells) 
20 which are. as mentioned previously, standard cell types 
used to assay f ibronectins . The resulting recombinant 
fibronectins were characterized and shown to be homo- 
dimers. rather than the heterodimers produced naturally. 
They have been shown, as described below, to be bio- 
25 logically functional. Naturally-occurring fibronectin i; 
known to bind anti fibronectin antibodies, gelatin, and 
heparin; to promote adhesion of several different cell 
types cytoskelecal assembly and cell migration; and to 
participate in reversion of tumor cells (transformed 
30 cells) to normal morphology. As- described below, recom- 
binant fibronectin produced as described herein has been 
shown to have these same capabilities. 
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Expression of reconbinant fibronecrin (BAV) in NIH 
3T3 cells was clearly demonstrated and the results 
confirmed by Northern blot analyses. Two transcripts 
were detected from three individual clones infected with 
05 retrovirus containing the BAV form FN gene when the neo 
gene was used as probe. The 11.6- and 3 . 1 - kb messages 
which were observed corresponded with the sizes expected 
for the full-length genomic transcript from the viral LTR 
and subgenomic RNA from the SV-40 promoter. No band was 
10 detected in RNA isolated from parental 3T3 cells. RNA 

isolated from cells containing P LJ vector alone included 
the 3 1-kb subgenomic RNA and a minor band migrating at 
3 9 kb. which corresponds with a transcript derived from 
che 5' viral LTR . The identity of the 11.6-kb transcript 
15 was confirmed by hybridizing the same blot with a probe 
derived from rat FN cDNA . This probe also detects the 
endogenous murine FN message (8.1 kb). which is present 
in rat FN expressor clones as well as in the control cell 
lines The rat FN mRNA signal was -10% of the signal for 
20 endogenous murine FN mRNA. Therefore. cDNA clones for 

rat FNs are readily transcribed in murine 3T3 cells under 
the control of the KLV - LTR promoter. 

To detect and quantitate secretion of recombinant 


rat FNs from 3T3 cells, ' " T *" ^ "° 1 cac lons of 


25 


were carried out with a mouse mAb . K9 . -Pacific ^J*^ 

e clone* 

ana. x y » ■=» w *• * - 

n B V or BV r£t FN forms. All these forms 
expressing O f fit v, ot *>v 


were cameo w«w - — 

FN or with an anti-rat FN polyclonal serum R61. 

-,-,,.«» clones. 


30 


analysis of immunopr ec ip i ta t es from re 
expressing 0. B. V. or BV rat FN forms 

of rat" FN were secreted into the medium as proem, with 
m olecular masses around 220-250 kD . The slight 
"differences in molecular weight are as expected from 
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their differences in polypeptide chain by including 
neither, either or both of the EIIIB and V regions. As 
seen most evidently in cells secreting the 0 form of rat 
FN. the endogenous mouse FN (a mixture of different forms 
05 but mostly larger than the 0 form) is coprec ip itated with 
M9 This result showed that the recombinant rat FN can 
form dimers with the endogenous mouse FN which has been 
observed before for 3T3 cells expressing the 
COOH-terminal third of rat FNs . Schvarzbauer et al.. 
10 F r o c__N a t l_Ac ad_S c i_U S A 84:754-758 (1987). No 

Oogenous FNs were precipitated by M9 from supernatants 
of 3T3 parental cells or clones infected with vector 
alone. The immunopr ec ip i ta t ions with the polyclonal 
anti-FN serum demonstrated that all these clones secreted 
15 comparable amounts o f t o tal ■ £ ibr onec t ins . Estimates from 
densitometry of the autoradiographs showed that the 
recombinant rat FNs secreted from 3T3 cell clones 
represent -10% of the total FNs produced by these cells. 
This estimate corresponds well with the 10% rat FN 
20 transcripts compared with total fibronectin message as 
determined from Northern blot analysis. Thus, the 
chimeric rat FN mRNAs are efficiently trans 
raC fibronectins expressed in stable infected NIH 3T3 
cell clones are efficiently processed, assembled into 
25 dimers and secreted into the medium. These cells also 
assemble the recombinant rat FNs into extracellular 

matrix. , . 

Recombinant fibronectin was also expressed xn 

WEHI231 cells. The single .cell clones secreting the 

ndin* rat FNs were isolated by limiting dilutxon 
30 corresponding rat FN Secre tion of various 

from the G4 1 8 - r es is tant pools. Secretion 
. forms of rat FNs was determined by immunoprecip i ta cion 
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..in, ch. polyclonal antis.ru. Ml follow.* by SDS-PAGE 

analysis in Che pr.s.nc. or absence of reducing ag.nrs . 

A »aJor proc.in produce gracing ac 220-250 M v.. 

l„,r.cipicac.d fro, «h. »edia of , .) -«""""'; 
05 labeled cells clones expressing ch. 0 . . . A .r V f.r« .* 
ra c FNs . The appar.nc -ol.cular v.ighcs of Che process 
„. as exp.cced for ch. various r.c FN f.«„ and a so 
correspond vich chos. of r.c FB. .xpr.ss.d in HIH 
cells as d.scrib.d above. This suggescs chac no »a,or 
.rrr.nslational modifications occurred in 

10 :rc::r.nr;:"nch.sic.d ^< 

which normally do hoc produce any endogenous FNs 

UEH1 23 1 cells are lymphocyces and chus . do noc 
produce fibron.ccin. Ralph. F. SffllUa. U.107-121 

,_ analvses de mon s t r a c e d chac all 

ic (1979). Subsequent analyses qb 

/ „ b , WEHI231 cells bind to gelatin and 
variants produced by WEHIZ-si n , B + A-V*) 

heparin. For example, variants 0 (B A nd to 

A. B-A+V) and V (B^V*) bind both to gelatin and co 
heparin (as veil as co a polyclonal antibody. R61.1. 

20 which recognizes total «** — «^; were alsQ shoWTl co 
All fibronectin variants produced were ai 
ce cell adhesion or spreading, in a variety of cell 
promote cell aanes performed with 

types. One representative experiment was perfo 

ch e mouse melanoma cell line .16F10. On ««»^ 

:::::: . - .< « - 

chis case 2 A for-), significantly increased 

Lrs of cells attach, but relatively few assume a 
numbers of ^ h . gher doses of _ 

30 well-spread morphology. When p adhe red 
FNs (16 A form), the majority of the cells 

and spread well. This observation was confirmed by 
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quantitative measurements shown in Fig. 5 for B16F10 
melanoma cells. The percentages of cells spreading are 
plotted as average scores for three independent 
experiments and the SDs were <10%. This experiment 
05 demonstrated that these four forms of recombinant FNs 
have similar dose - response curves in promoting B16F10 
cell spreading, reaching saturating concentration at -10 
pg/ml. These results suggest that, in the basic adhesion 
a*d spreading assays with these established adherent cell 
10 lines, all forms of FN tested are equivalent. 

Recombinant fibronectin variants were also shown to 
promote cytoskeletal organization, as assessed using 
antibodies against actin or vinculin. Through their 
transmembrane integrin receptors, extracellular FNs can 
15 induce cytoskeletal organization including organized 

actin bundles and focal contact formation. To examine 
chese transmembrane effects. B16F10 melanoma cells were 
cultured on substrata coated with various recombinant 
FNs. 2 hours later, cells were fixed and stained for F 
20 actin and vinculin distribution using double-label 
immunofluorescence. When low concentrations of the 
various . FNs were used, actin bundles were visualized m 
only a small percentage of cells while diffuse and 
unorganized patterns were evident for most cells. 
25 Similarly, few focal contacts were detected as determined 
by staining for vinculin. When plated on higher con- 
centrations of FNs , however, extensive microfilament 
bundles were detected for the majority of cells and 
discrete focal contacts were- localized at termini of 
30 actin bundles. These result, indicated that recombinant 
FN V form was able to induce cytoskeletal organization. 
Similar effects were observed for the other forms of FNs 
obtained from WEHI231 cells (O. V. B forms). 
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Recombinant variants were also shown to promote 
reversion of N11.8-HSV (transformed) morphology to normal 
cell morphology, using the method of assessing reversion 
described by Ali and co-workers. All. I. £t a 1 . . Cell. 
05 11-115-126 (1977). As shown in Figure 6. a substantial 
population of NIL8.HSV cells are rounded and detached 
from the substrate. The cells assumed a more flattened 
and aligned morphology upon addition of the recombinant 
>N A form. Similar effects were also observed for 0. B. 
10 V forms of FNs . The differences in dose response among 
the different forms were, at most, two to threefold in 
different experiments. Therefore, in agreement with 
results obtained from basic adhesion and spreading assays 
using adherent cells, the ability of FN to revert the 
15 m orphology of these transformed cells does not appear to 
reside in the EI11B. E1I1A. or V regions. 

Assessment of incorporation of recombinant 
fibronectin into cell matrices was also carried out and 
showed that all variants were incorporated and that 
20 variants B + (B + a'V) and A + (B^V) were incorporated 
somewhat more effectively than the other variants As 

u,*«««r T-at FNs formed fibrillar 
shown in Figure 7. recombinant rat FNs 

u a , a rt e ristic of the usual extracellular matrix 
networks characteristic „ 
distribution of FN. Furthermore, total extracellular FN 
25 staining (with polyclonal antiserum R61) increased 

significantly upon addition of exogenous- recombinant FNs. 
indicating their contribution to matrix formation. All 
forms of FN s incorporated into the existing matrices^ 
However, two to threefold differences in the doses of 
30 Recombinant FNs "retired to give a particular level of 
. rat FN-specific fluorescence were noted. The O and V 
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forms required higher levels added Chan did the A and B 
forms to give equivalent staining. Minimum doses for 
detectable M9 staining were. 10 Mg/ml for B or BAV and 30 
/ig/ral for V. Figure 7 shows approximately equivalent 

05 incorporation of rat FN at 30 ^g/ml B form and 90 /ig/ral V 
form. These results suggest that inclusion of the EIIIA 
or EIIIB segments characteristic of tissue FN may enhance 
the ability of FN to incorporate into existing matrix. 

Thus, the assays carried out, using standard tech- 

10 niques , resulted in the determination that the 

recombinant fibronectin variants are produced and are 
biologically functional. The following is an outline of 
the results obtained: 
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Recrovi ral^Exuress ion, 


if Fibronectin 


Full length fibronectin variants are 
efficiently expressed. 


All forms are ass 


embled and secreted 


All forms bind to ge 


latin and heparin 


Cell adhesion and spreading 
(BHK/B16/NIL8-HSV/CHO/RAT-1) 

Cytoskeletal organization. 
(BHK/B16) 


Reversion to no 


rmal morphology 


ALL FORMS WORK WELL 

AT MOST 2-3X DIFFER- 
ENCE IN DOSE RESPONSE 

A + OR B* FORMS SLIGHTLY 
MORE EFFECTIVE 


Migration . 
(NIL8-HSV) 

Matrix Assembly 


- ALL FORMS WORK 


A + OR B* FORMS ARE MORE 
EFFECTIVE 


-20- 


10 


et.A F.ssen tlallv Fu 1 l_Le n g th_R e c o mb i n an t _F i b r o n e ccins 
Fibronectins having a portion of regions B. A. V or 
combinations of these can also be produced. For example. 
Che first 25 amino acids of the V region (referred to as 
05 V25 segment) which are shown in Figure 8 can be 

selectively spliced out independently of the rest of the 
V region. The V25 segment is important in the selective 
adhesion of various cell types and is recognized by the 
Lntegrin fibronectin receptor. V recombinant 

fibronectins having the V25 segment alternatively spliced 
out can be produced as homodimers or he terodimer s . 

WEHI231 lymphoid cells interact with an alterna- 
tively spliced region of FN, specifically with the 
C-terminal 10 amino acids ( CPEILDVPST) of the V25 seg- 
15 ment. Only those forms of FN that contain this segment 
promote spreading of these cells, and this spreading can 
be blocked either by synthetic peptides from the V25 
segment or by antibodies to the integrin « 4 subunit. 
Furthermore, integrin binds specifically to the V25 

peptide coupled to Sepharose. 

Thus, integrin is an FN receptor distinct from 

the a K fi, integrin receptor, which recognizes the RGDS 

51 , a i cell 40-191-198 (1985): Pytela 

site in FN (Pytela et al . . Cell *u.i-^ 

ec al . Science 2 31 : 15 5 9 -1562 (1986); Argraves et al. , =L, 
Cell Bio, 105:1183-1190 (1987): and Wayner et a 1 . . J, 
Tell Bio 107:1881-1891 (1988)) and another integrin 
~ 0 which also binds to FN at an unknown site (Takada 
I al J Cell Biochem. 37:385-393 (1988); Wayner. E.A. 


20 


25 


30 


and~W.C.""^7 ^£11.1^ 105:1873-1884 (1987); and 
Wayner et al. . Ibid^ (1988). While and are 

prevalent 7n cultured fibroblastic cells (Helmer et a 1 . . 
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10 


15 


20 


j^_Bio^_Chem^ 2 6 2:3300-3309 (1987); Wayner. E.A. and V . G . 
Career Ibid^. (1987): and Wayner et a 1 . . Ibid^ (1988 )). 
and the adhesion of such cells to FN is frequently 
blocked by RCDS-containing peptides (Pierschbacher , M.D. 
and E . Ruoslahti. Nature 309:30-33 (1984); and 
Pierschbacher. M.D. and E. Ruoslahti. Proc^_Na t l_Ac ^ 
S ci _USA 81:5985-5988 (1987)). is expressed 

^edominantly on lymphoid and myeloid cells (Helmer et 
£1.. J- Bio. Chen, 262:3300-3309 (1987); Helmer et a 1 . . 
Ibid^ (1987); Wayner et a 1 . . Ibid^ (1989)). 

The V25 segment can be selectively spliced out 
independently of the rest of the V region in mammals 
(Schwarzbauer et a 1 . . Cell 35:421-431 (1983); Kornblihcc 
et al Nucl_Acids_Res_ 12:5853-5868 (1985); Sekiguchi 
ec al Biochemistrv 25:4936-4941 (1986)) and a 44 amino 
acid segment (V44) that includes V25 can be similarly 
spliced out in chickens (Norton. P. A. and R.O. Hynes. 
Mol Cell^_Biol^ 7:4297-4307 (1987); f r ench - Cons tant . C. 
a;d"I.O. Hynel. Development 106:375-388 (1989)). The 
sequences of these segments are well conserved; the V25 
segment is identical in humans, rats, and cows (Peterson 
ec al "Primary structure of f ibronec t in" In Fibro- 
n"ectin, D.F. Kosher, ed. (San Diego. Academis Press) 
T^'s'; and Hynes. R.O.. Fibronectins (New York: Springer^ 
Verlag) (1989)). and the segment corresponding to the V10 
peptide in chickens contains 60% identical and 80% 
homologous residues (Norton. P. A. and R.O. Hynes. Ibid.. 
(1987)). This conservation is consistent with an ,m- 
portant role for this segment, and Humphries et al . . L 
30 Bio Chem. 2 6 2:6886-6892 (1987) have previously reported 
^aTpTp tides corresponding to this segment will inhibit 


25 
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adhesion of murine B16F10 melanoma cells when soluble and 
promote their adhesion when bound to a surface. They 
showed also chat: V25 peptides (CS-1) coupled Co proteins 
will promote neurite outgrowth of chicken peripheral 

. a i J Cell Bio. 106:1289-1297 
05 neurons (Humphries et a 1 . . 

(1988)) and attachment and migration of neural crest 

i fmro J 7-2661-2671 (1988)). 
cells (Dufour et al.. EMBO_J^, 

However, most of the experiments on mammals do not 
MSC for selective exclusion of the V25 segment, which 
10 can be omitted independently of other parts of the V 

region in mammals. Given the difficulty of assaying for 
Che absence of this segment, it is not yet possible to 
say whether or not V25-negative forms of FN may be found 
in specific locations. The absence of the V segment from 
15 50% of plasma FN subunits is of potential relevance given 
Che fact that many circulating blood cells express 
(Helmer et al.. ^i£^ 262:3300-3309 (1987); 
Helmer .7.17. iJii^ 262:11*78-11.85 (1987); 
Wayner 7 7.. LJilUl^ 109:1321-1300 (1989)). 

7 rw aonea rs to be a heterodimer of V and V 

to qince clasma FN appears uw 

315 3 <1989> each .ol.cul. concain. only a b»d»( 
. sic. for . ifl . This app..rs t. b. UsufEici.., for hi,b 

affiniry bt»ii». » "I! surges sine, m is no, found 
25 as a surface eo.pon.nc of circulacina blood c.lls. If. 
.. appear. Co b. Che case, -acrlx FN Is l.r.aly V « 
should have a hi 8 h.r avidicy for bindins of cells beards 
. , inc.erin. This could play • rol. in ch. adhesion of 
.a/i.u, blood cells CO exposed excr.ee llular .acrix. such 
as endoch.llal bas.«.nc ...bran.. In chis concexc. " 
mc.r.scing co noc. ch.c ^ has r.e.ncly been reporc.d 


30 
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10 


to be involved in ho.l»s of lymphocytes c. Peyer's patch 
high endothelial venules (Holtm.nn et al.. Cell 56:37-46 

(1989)). ■ 

in the integrin ^ subfamily there are three FN 
05 receptors: ..*V and respectively. 

for the RODS site. 10 a.ino acids in the V2S segment, and 
.„ unknown site. Other integrins are also known to 
interact with FN , including <CfIIb/II.). which 

binds to the RGDS site (Gardner and Hynes. Cell *I: 

(1985,; Pytelaecal.. So i e ^ 2 3 1 : 1 5 5 9 - 
(I,.., - D-Soura et a 1 . . i._5i<U ..Chem. 2 6 3:39.2 - 3951 

lite <Ch....h tt a 1 . . C^ll 57:59-69 (1989),. 
F r o due c i on_o f _R e c omb i nan t_Cellul 

Flbronectin of the present invention can be pro- 
duced, as described previously, using an 

vector containing cDNA encoding full-length recombinant 
cellular flbronectin. which is introduced into and 
expressed by an appropriate host cell. The OH. encoding 
the cellular fibron.ctin can be cDNA or »«A. synthesized 
by known methods, which has the same nucleotide sequence 
a, the CDNA or a functional equivalent thereof (i.e.. one 
which encodes a product having the same char act errs ti c s 
and exhibiting the same functions as the recombinant 
cellular fibron.ctin described herein,. Appropriate host 
cells include, but are not limited to. MB 3X3 and 
W EHI 231 cells: other cells in which the complex cellular 
fibronectin can be produced and properly processed 
also be used. 
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Uses_of_Recombinant_F^ 
M e thod 

Fibronectin produced by the process of the present 
invention has several therapeutic and clinical uses, and 
05 can be used wherever fibronectin is naturally utilized in 
the body. For example, fibronectin plays an important 
role in the cell migration associated with wound healing 
and tissue repair in general. Immunolocalization studies 
ha ve shown that abundant fibronectin is present in 
10 healing wounds. In situ hybridization studies have shown 
cha t cellular fibronectin synthesized locally in wound 
tissue contains both the B and the A segments or regions. 

Fibronectin can also be used to promote nerve 
regeneration in some cases. For example, while not 
15 strictly cell migration, the outgrowth of neurites from 
neurons involves many of the same principles and similar 
^onanisms. There is considerable evidence that some 
neurons will respond to fibronectin by extending 
neurites. It has been shown that fibronectin promotes 
20 outgrowth of neurites from aggregates of 7 - day chick 

neural retinal cells. Aker s . R . » . * *1 . . De^_Bio.i, . 
86:179-188 (1981). Fibronectin has been shown to promote 
~urite growth in chick ganglion cells (Carbonetto, S.T. 
ec al J^euroscL. 3 :232^-2335 (1983) and in human 
25 ganglion'cells. (Baron-Van Evercooren. A. et al. , L. 
Neurosci^Re-. 8:179-183 (1982)). 

^bronectin also plays a role in hemostasis and 

cnrombosis and can be used in the treatment of blood or 
clotting disorders. Thrombotic diseases are major 
,„ killers and the ability to control thrombosis would be 
30 fillers. trea tinR them. Monoclonal 

valuable therapeutic tool in treating 
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antibodies raised against fibronectin, or specific 
peptides, could be used to intervene in the interactions 
between the ligand and its receptors. For example, 
fibronectin interacts with fibrin, becomes incorporated 
05 into clots, and is crosslink to the fibrin by factor 

XIII. transglutaminase. Therefore, as the clot is formed 
from platelets and fibrin, fibronectin becomes an inte- 
gral part of it. intervening in this reaction by pre- 
venting fibronectin from performing its usual role 
10 provides a method of preventing dangerous blood clots. 
It has been shown that soon after wounding, fibronectin 
and fibrin appear in the area of a wound. These proteins 
then serve as a substrate for adhesion and migration of 
the cells repairing the defect and. in most cases. 
15 subsequently disappear. Fibronectin also plays a role ,» 
removal of debris by various cell types. 

when a wound is made in the skin, several wound 

P «sue The epidermal cells migrate in 
healing processes ensue. p . , . » 

co cover the wound. Concurrently, beneath the healxng 
20 epidermal layer, granulation tissue forms and eventually 
neovascularization follows. These three processes 
involve different cell types and are best considered 
separately. 

The first detectable event is the formation of a 
-.25 fibrin-fibronectin clot in the area of the v.und 

Grinnell. F. et al.. J^In- £ t_D e r m ato 1^ . 76.181-189 

_ . „ _ _ i t Invest. De rmato 1 . . 
(1981); Clark. R.A. et al., i^iBiS-S 

79-264- 269 (1982); Repesh. L.A. et al.. J^Histochem^ 
^tochem.. 30:351-358 (1982)'. There is a large increase 
ITHbronectin soon after wounding and the epidermal 
cells migrate beneath the main clot on the fibronectxn- 
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fibrin matrix. After wound ep i the 1 i al iz a t i on i 
piece, the thickened basement membrane becomes thinner 
again' and- the fibrin and fibronectin fall to low level 
and are replaced by laminin and type IV collagen typic 
05 of the normal BM . In an experiment involving wounding 
rat skin implanted in mice, Clark and co-workers were 
able to distinguish locally produced cellular fibronec 
(rat) from deposited plasma fibronectin (mouse). Clark, 
R-A et al.. -T ■ Inve st. Derm atol^, 80:26s-30s (1983). 
10 They found that the early, provisional matrix consisted 
largely of plasma fibronectin which was gradually re- 
placed by cellular fibronectin during epidermal wound 
healing. 

Donaldson and Mahan have shown directly that fxbro- 
15 nectin and fibrin promote epidermal migration, using 
- implants placed in wounds in new skin. Donaldson. D.J. 

and J.T. Mahan. J_Ce 11 . Sc i A . 62:117-127 (1983) and 

Donaldson. D.J. and J.T. Mahan. Cel 1_T i s s u e_R es . 

235-221-224 (1984). Coating of the implants with fibro- 
20 neltin or fibrin promoted migration in a do s e - dep endent 

fashion and this was specifically inhibited by antibod.es 

to these two proteins. 

Fibronectin can be used to treat corneal lesions. 
The cornea of the eye is a relatively simple. 
25 cularized system. The cornea consists of a layer of 

epithelial cells on a basement membrane, beneath which 
lies a thick stromal layer composed largely of collagen 
with a few keracocytes. Beneath the stroma is a spec- 
ialized basement membrane (Descemefs membrane) with a 
30 layer of endothelial cells attached to it. Fibronectin 
is believed to be involved in the migration of the 
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endochelial cells and stromal cells during developtnen: , 
but in che manure cornea the only significant concen- 
tration of fibronectin is in Descemec's membrane; che 
basement membrane of che corneal epithelium has little 
05 fibronectin. Kurkinen. M. et al. . — — — -= — — — — — — * i±:5S9-600 

(1979) and Cintron. C. et al. . Cur r__E v e _R e s _ . 3:489-499 

Within a few hours after a scrape wound which 
removes the epithelial layer, fibronectin and fibrin 

10 appear on the surface of the cornea. Between one and two 
days after wounding, che corneal epichelium grows back 
over chis fibronectin and fibrin- coated surface and the 
fibronectin and fibrin disappear over the next several 
days Fibronectin also appears in significant amounts 

15 within the stroma which normally contains only small 

amounts . . 

This pattern of appearance of fibronectin and fibrin 

indicates that these proteins form the substrate 
promoting migration of the healing epithelium. Nishida 
20 and co-workers have cultured blocks of cornea in_vic.ro 

and shown that the epithelial layer migrates over che cue 
stromal surface. Nishida. T. et a 1 . . J on__J__0 £ h chal_ 
m „l 26:410-415 (1982) and Nishida, T. et al. , J S n____ 
O^halmol.. 26:416-424 (1982). The migrating epithelium 
25 77underlain by a layer of fibronectin. Addition of 

autologous serum or. more significantly, purified plasma 
fibronectin to the cultures accelerated the epithelial 
migration and anti - fibronectin antisera inhibited it. 
Thus, fibronectin can be used in the treatment of corneal 
30 epithelial wounds'. 
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Fibronectin has therapeutic value in promoting 
corneal epithelial wound healing and in leading to curing 
of persistent corneal ulcers. Fibronectin can be used to 
prepare eye drops, for example. Treatment with these eye 
05 drops leads to accelerated healing of corneal ulcers and 
other defects. It has been shown that the protease 
inhibitor, aprotinin. has dramatic therapeutic effects on 
the healing of corneal lesions. Thus, combinations of 
fibronectin and protease inhibitors may prove particu- 
10 larly efficacious. Past efforts in improving wound 

healing have made use of plasma fibronectin, which, as 
mentioned, is a mixture of types. Homogeneous cellular 
fibronectin might be more effective in promoting wound 
healing (e.g.. because of the presence of B and/or A 
15 regions ) . 

Fibronectin treatment may be useful in treatment of 
periodontal disease, which is characterized by failure of 
attachment of gingival tissue to the tooth roots. 
Studies in vitro have shown that attachment and migration 
of gingival fibroblasts and periodontal ligamentum cells 
on teeth and bone fragments is promoted by citric .cid 
demoralization to expose collagen and by fibronectin 
treatment. Terranova. V.P. and G.R. Martin. 
Periodont^Res,. 17:530-533 (1982); Fernyhough. W. and 
7c"plge t P.rlodontol., 54:133 -140 (1983); Arisawa. 
Y ' and Y.'^biko. ^ Pharmacol.. 15:293-239 (1984); 
Terranova. V.P. et al. . J ^ .Per iodontol^ . 58:247-257 
(1987); Terranova. V.P. et al. . J^_Per iodon t_Re . 
22-248-251 (1987). The fibroblasts attach and synthesize 
30 In extensive extracellular matrix attached to the tooth 
fragments. These results suggest that fibronectin 
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15 


.„..«= accach.enc of ,in 5 iv.l Cis— Co cooch roocs in 
vivo and chis appears Co be Che case. When cooch roocs 
~"s.r 8 ic.U» exposed and planed, conn.cclve 
aecach..nc during h.alln 5 is significant proceed by 
05 creac.ncs wieh cleric acid and flbroneccin. Thus. .. 
wound healing Che fibron.ccin. or even conjugaced pep- 
tides can be used Co pro.oc. cell adhesion and .Igracion 
on che wound bed. In Che case .f fibrosis, eh. aceu.u 
i-acion of fibr.neccin and och.r .acrix .olecul.s. and Che 
e.ils Chac produce ch.. ..sc be concrolled for 
by incerv.ncion in Che sci.ulacory .v.ncs b.cween cells 
oc in Che biosynchesis of fibron.ccin. Ic is also 
possible co incerf.re wieh fibron.ccin funecion by che 
use o£ ancibodi.s or pepcid.s. 

The ouancicy of ch. presenc fibron.ccin Co b. 

• a an individual basis , 

ad.inisc.r.d -ill be decerned on an indi 

an d will be based ac lease in pare on """""""".Lie 
che severicy of che sv.pco.s co be cr.aced and che r.sulc 

sou gh t . _ u . 

^nraininz fibronectin can be 
on The agent or drug containing 

ad.inisc.r.d by subcuc.n.ous or ocher for. of 

tncravenously. par e„c. rally . rransd.r.ally « 

Th « for. in which 1c will b. ad.inisc.r.d will depend 

t-H* route by which it is administered, 
upon the route oy t invention 

A fibronectin composition of the present in 
25 A ^ „„„„ r c T he components 

can opcionally includ. och.r co.ponencs . The P 

included in a parcicular c.p.slcion ar. decreed 
pri.arily by ch. .anner in which ch. «-«»» ^ /' 
ad.inisc.red. Tor exa.pl. . "a co.p.sicion co be appli 

30 topically can includ.. in addici.n co «->»««"• 

f « • j _ t p e carboxyme cny i 

derivative thereof, a binder (e.g.. 
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cellulose. gelatin), a protease inhibitor, (e.g., apro- 
ti nin), a filler (e.g.. lactase) or an emulsifier. 
A composition to be administered dropwise (e.g.. as 
eyedrops) may contain a liquid carrier (e.g.. saline). 
05 in general, a composition of the present invention 

to be applied to a skin wound, for example, would be 
applied directly to the wound for a period of time 
necessary to induce healing. More than one application 
may be necessary. The dosage, or concentration of 
10 fibronectin. in the composition will also vary on an 
individual basis and be determined by the type and 
severity of the symptoms to be treated. 

The invention will be further illustrated by the 
following non-limiting Exemplification. 

15 * EXEMPLIFICATION 

Cell_£ultures 

NIH 3T3 and Psi 2 cells were grown in Dulbecco's 
modified Eagle's medium ( DME ) plus 10% calf serum (CS. 
Gibco Laboratories. Grand Island. NY). House B lympho - 
20 cyte VEHI231 cells (Ralph. P. (1979). Immune l__Rev_ 

48-107-121) were kindly provided by D. Schatz (Whitehead 
Institute. MIT) and grown in RPHI 1640 medium plus 10% 
fetal calf serum (FCS, Gibco Laboratories). NRK . Rati 
and N118.HSV cells were cultured in DME with 5% FCS. BHK 
25 cells were kindly provided by F. Grinnell (University of 
Texas. Dallas) and maintained in DME plus 10% FCS 
Murine melanoma B16F10 cells' were generous gifts of I.J. 
Fidler (M.D. Anderson Hospital. Houston) and cultured as 
described (Fidler. I.J.. (1974). Can cer_Re s A 3 4 : 1 0 7 A - 
30 i078). 
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P 1 a s misconstruction 

Retroviral vectors containing the 3' third of rat FN 
cDNA including or excluding EIIIA or V have been des- 
cribed previously (Schwarzbauer. J.E. et a 1 . . (1987). 
05 Proc„Natl_Acad_Sci_USA 84:754-758). Genomic clones 
v7r"e isolated from a rat genomic library in EMBL3B 
(Tamkun et al. . (1984) Pr^c_ M tl^_Aca^_Sc i U£A 
81.5140.7l44) using segments from the 5' end of ArFN2 and 
Subsequently the 5' ends of successive clones. The 
10 segments were subcloned in pCEM vectors (Promega Biotec). 
checked for repetitive sequences and used to screen 
lambda plaques by standard methods (Maniatis et a 1 . . 
(19 82) M o 1 e c u 1 a r_C 1 o n i n e__K anu a 1 . Cold Spring Harbor 
Laboratory. Gold Spring Harbor. NY). Clones were 
15 analyzed by restriction enzyme mapping and Southern 

blotting and suitable fragments were subcloned into pCEH 
vectors for further analysis. 

Genomic fragments were subcloned into a murine 
re troviral vector. P LJ . which is a derivative .01 

t 1 19 871 Proc. Natl. ^££^-^£1------ 

20 (Korman et al. , (198/; 

8,. 2150-2154) from which the 5' splice site has been 
deleted. As described elsewhere (Schwarzbauer et al 
19 87) genomic fragments subcloned into such retroviral 
vectors are accurately spliced during generation of 
25 r ecombinant retrovirus. Cells derived by infection wic h 
chese viruses therefore contain cDNAs derived from the 
genomic clones and these CNAs can be recovere d by usion 
& - - f-ur. s' 2 kb of rat ribro- 

rescue. cDNA clones covering the 5 2 kb or 

rvne I reoeats and two type II 
nectin encoding nine type l repe 

30 repeats were prepared in this way. 

Clones XrFN2 to X r FN 5 cover the central part of the 
g ene which includes all the type-Ill repeats (Figure 3). 
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cDNA clones isolated from a rat liver Agtll library cover 
type-Ill repeats 9-15 (Schwarzbauer et a 1 . . (1983) Cell 
35:421-431). cDNA clones covering type-Ill repeats 1-9 
lid the two alternatively spliced EIII repeats were 
05 obtained by passage of genomic clones through retroviral 
vectors . 

Overlapping cDNA clones covering the 5' regions of 
the gene were generated from the respective genomic 
clones, A r FN - 3 , >rFN-5. ArFN-8, and ArFN-9 (Patel, R.S. 
10 £t al.. (1987), EHBO J. 6:2565-2572; S chwar zb aue r . J.E. 
et al.', (1987), EHBO J, 6:2673-2580), using a fusion 
rescuemethod as outlined before ( Schwarzbauer , J.E. et 
al (1987). EHBO J. 6:2673-2580; Schwarzbauer. J.E. et 
II ' (1987). Proc . Natl. Acad^Sci^USA 84:754-758). The 
15 expression vector. pDOP. was constructed from pHSV-gpt 

(Hann. R . et al. . (1983) Cell 33:153-159) by replacement 
of the sequences from the Kpn I site at the 3' end of the 
5' long terminal repeat to the Xho I site (Hann. R. £C 
al., (1983) Cell 33:153-159) with chose from a murine 
20 Ilukemia virus-based vector (D01; (Korman. A.J. e t a 1 . . 
(1987) p™ C . Natl. A. ad . Scl.. USA). pDOP contains a 
unique Ba.HZ cloning site followed by a fragment of 
pBR322. the simian virus 40 (SV40) origin and early 
promoter, and the neo r gene (Cepko, C.L. et al. . (1984) 
25 Cell 37:1053-1062; Korman. A.J. et al.. (1987) Proc^ 

wel Acad. Scl.. USA ). The neo r gene product confers 
resistance to the antibiotic. 0418. in mammalian cells 
(Davies. J. and A. Jimenez (1980). Am. J. Trop . Med. Hy £ . 
29-Suppl 5. 1089-1092). The polyoma virus early region 
30 Hcreases ,he plasmid copy number after transfeccion into 
*2 cells. 
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FN cDNAs were isolated from a rat liver Agtll 

7 r al (1983) Cell 35:421- 
library ( Schwarzbauer . J.E. e t a 1 . . d __- 

431) BamHI and Bel 1 linkers were added to the 5 and 
3' ends, respectively, of an EcoRI partial-Sac II frag- 

• • _ 7 terminal 2400 bases of 

05 ment of Xrlf 3 containing the 3 termin 

coding sequence including the 360-base variable segment 

w «f the 3 ' -untranslated region. A 

(V120) plus 169 bases of the un - THml27 

• wamHT-Rel II fragment from pPTHmlZ/ 
110-base-pair BamHI-Bgi b 

• , ▼ r eta l (1984) Proc^_Natl^_Acad^_Sci^ 

(He Herman . J.G. et a J. . . 

- rhe 5' -untranslated ana 

10 USA 81:5340-5344) concerning Che 5 

:".;;=• coding s = ,u.n=e S of parathyroid hor„o„e vas Chen 
l e .L CO Che 5- end of Che lingered F. cDNA The 
hybrid cDHA was Inserc.d mco ch. B..HI •* »»0». 

The sequence across ch. ^unccion -» "-«»»- 

A ,nd U Gllberc (1977). Proc i _Nacl i _Acad i _Scl ii 

(V,5).or no addlrion.l s. q u.nce, (70) .... 

conscrueced by replacing che 3.0-base ..,»«. - £ * 

^r^«m lrlf 4 and Xrlf 6 ( respec 
corresponding frag-nc '"'^ Cel i 35:i2 l- 
clvely (Schwarrbauer. J.E. ec al. 

""'l. cDNA concerning ch. EIII "g.enc was obcalned by 
passage chrough « ..11. «f • r.crovlral v.cc.r DOL 

<K """- A - J loba."7^Hc. R l-».»HI fr. S ».n= of 

"T I71t3 cells with recombinant virus, the G418- 

— «-•* — co .l""/,::— 

v- as rescued (Cepko. C.L. £t al. U»» > 

vas rescue v reei on of the FN gene were 

Recovered cDNA copies of this region 


15 

enc e s 
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sequenced (Maxam. A. and W. Gilbert (1977) Proc^NatL 
Acad. Sci^USA 7 4: 560- 569). and all splice junctions 

were correct. 

These cDNA clones, including or excluding EIIIB. 
05 were recombined. using unique restriction sites, with the 
existing 3' cDNAs to give full rise to full length cDNAs 
encoding rat FN. All possible combinations of EIIIB. 
EIIIA and V were made and the constructs confirmed by 
restriction mapping. These full-length cDNAs extend from 
10 a Bal I site (TGGCCA) 50 nucleotides upstream of the 
initiator codon of rat FN (Patel. R.S. et al.. (1987). 
EMBO.J^ 6:2565-2572) to a Sac II site (CCGCGG) in the 3' 
untranslated region (Schwarzbauer, J.E. et a 1 . . (1983). 
Cell 35-421-431; Schwarzbauer. J.E. et al . . (1987). Proc^ 
15 N atK_Acad,_S £ i__USA 84:754-758; Patel. R.S. e t a 1 . . 

(1987) EHBO J ■_ 6:2565-2572). They include the entire 
coding' region of the various forms of rat FN and the 3' 
untranslated region included in the earlier retroviral 
constructs (Schwarzbauer. J.E. et al.. (1987). Proc, 
20 Natl_A £ ad_Sci_U£A 86:754-758). Thus . thes e c ons true ts 
InTlude the natural signal and propeptide segments of rat 
FN to allow normal secretion and processing. The full 
length clones were inserted into the retroviral expres- 
sion vector pLJ to generate pLJ-FN plasmids . pLJ i. * 
25 derivative of pDOL (Korman. A.J. et al.. (1987). Pro- 

Natl Acad. Sci. US A £4 : 2150 - 2154 ; Schwarzbauer. J.E. et 

which the 5' splice site has been completely removed, and 
was generated and provided by J. Schwarzbauer ™™ 
30 accomplished by restriction enzyme digestion .£ ACCTGCCC* 
(plural) with Alu I and Bal I and religacion which 
deletes four bases ( CTGG ) to produce sequence AGCCA. 


The 
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deletion was confirmed by sequencing. cDNAs to be 
expressed are inserted at a cloning site downstream of 
the 5' MLV LTR. After the cloning site is an SV-40 
origin/promoter/enhancer segment and the neomycin resis- 
05 C ance (neo 1 ) gene driven by the SV-40 early promoter and 
a pBR322 origin of replication. 

, „. of psi 2 Cells and Inf e c r i o n _o f _N IH_3 T 3 _an d 
T r ansf ection^ £±._£.^i— — — — — — 

UEHI2 31_Cells . 

Establishment o£ vi rus - pr oduc ins Psi2 cells and 

infection of HIH 3T3 and UEHI231 cells were performed. 
Schwarzbau.r. J.I. » a 1 . . (19B7). 
USA 84:754-758; Landau. ,.X. e S tl- . <»•»■ 

bIoW 3237 -3243. 3T3 and « cells were grown in median, 
pT~\o% (vol/vol, calf m... COS cells (Gluzman V 
15 (1981, Cell 23:174-182, -ere maintained in 10% (vol/vol, 
fecal calf'serum. DHA transactions were performed using 
calcium phosphate precipitation (Graham. R. and A. Van 
der Eb (1973, Virology 52:456-437: Parker. B.A. and 0 . . 
Stark (1979) J._Vlr.L, 31:360-369,. Twenty hours after 
20 glycerol shoekT~2 medium containing transiently produced 
recombinant virus was removed and filtered, and 1 ml of 
this virus stock was used to infect 3T3 cells in the 
presence of polybrene at 8 Several days later 

cells were cultured in medium containing 0418 « 0.3 
25 mg/.l. Th. number of G418* 3T3 colonies obtained ranged 
from 50 to several hundred: a subset of these ... , iso- 
lated and expanded for further analysis. In 

r- ^« = i-od for virus production. vtral 

G418 r *2 clones were tested for vxr P 

citers for these clones ranged from 10 3 to 10 G418 

! # m« units/ml of supernatant. The following 

30 colony- forming units/mi. 

modifications were performed. After infection. " 3 
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cells were selected for neo r expression in G418 (Gibco 
Laboratories) at a concentration of 0.5 mg/ml. A subset 
of G418-resistant clones was then isolated and clones 
were expanded for further analysis. Infected WEHI231 
05 cells were selected with C418 at a concentration of 3 
mg/ml. The selected pool of cells was then cloned by 
limiting dilution. Single cell clones that produced the 
highest amounts of recombinant FNs . as determined by 
imounoprecipications, were expanded for further analysis. 

1 0 Northern_BloC_Analvsis 

Total RNA was isolated from NIH 3T3 cell clones by 
guanidinium thiocyanate extraction followed by centri- 
fugation through CsCl as described by Chirgwin, J.K. ££ 
al.. (1979). Biochemistry 18:5194-5199). 20 M g of RNA 
15 were elec trophoresed in 0.8% agarose gels containing 1.1 
M formaldehyde as described (Lehrach, H. et al., (1977), 
Biochemistry 16:4743-47 51). After electrophoresis, gels 
were stained with ethidium bromide to visualize the 
position of 28S-18S ribosomal RNA and the relative RNA 
content in each lane. The RNA was then transferred to 
Zeta-Probe blotting membranes (Bio-Rad Laboratories. 
Richmond. CA). which were processed using protocols 
recommended by the manufacturer. Duplicate RNA samples 
were used for hybridizations with probes corresponding to 
rat FN cDN A or the neo r gene. The probes were labeled 


20 


25 


with P 


32 « by random priming (Feinberg, A. and B 


30 


Vogelstein. (1984). Anal ^_Bio chern^ 1 3 2 : 6 - 1 3 ) . 

M r _ 9 Ho1 i e L abelin g ^_l^soo^j^^ion^el^tin_and 

H^arit^Bi riding Assavs x _and_SDS^PAGE 

Cells were labeled for 20-24 h with media containing 
a reduced amount of unlabeled methionine (10% of that in 
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normal media) and 25 M Cl/-l [ 3 5 S ] me thionine 


(Tran 35 S 


label. ICN Radiochemicals. Irvine. CA) . 


a 
o r 


05 


10 


15 
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Conditioned media were immunoprecipitaced using either 
rabbit anti-rat FN serum R61 and goat anti-rabbit IgG ■ 
a mouse monoclonal anti-rat FN M9 (a generous gift of M. 
Chiquet) and goat anti-mouse IgG. as described (Choi. M. 
andR.O. Hynes. (1979). J_B i o l^Chem^ 25 , : 120 5 0 - 1 20 5 5 ) . 
lm munoprecipitates were analyzed either with or without 
/eduction by electrophoresis through SDS-PACE followed by 
fluorography. Direct binding of FNs in the conditioned 
m edia to gelatin-coupled Sepharose (Pharmacia Fine 
Chemicals. Piscataway. HJ ) was carried out as described. 
The bound materials were also eluted by U M urea in PBS 
and used directly for binding assays with hep ar in - c oup 1 e 
Sepharose (Pharmacia Fine Chemicals) as described by^ 
Price. J. and R.O. Hynes. (1985). LJ-I^ 5:2205- 


20 
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25 


Pur i f i c a t i on_o f _Re c omb i nan t_Ra t_FN s 

^inanc FNs produced from expressor WEHI231 cell 

clones were purified by af fini ty - chroma to graphy us.ng a 
gelatin-coupled Sepharose column as described by 
£ andE. Ruoslahti. (1977). Inc^ 2 0 : 20 1- 20 5 . 

Briefly, the expressing clones were grown to saturatxon 
in 3 liters of growth medium. The cells were then washed 
with PBS and resuspended in 10 liters of RPH1 1640 plus 
5% FCS that had been passed through gelatin- Sepharose 4B 
co deplete FN in the serum. . The cells were incubated 
further for 3 d and the conditioned media were 
concentrated and subsequently loaded onto a 
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gelatin- Sepharose 4B column. Recombinant FNs were eluced 
using 4 M urea in CAPS buffer (10 mtt CAPS 

(cyclohexylaminopropane sulfonic acid). 150 »M NaCl , 2 mM 
EDTA, 2 mil PMSF, pH 11). The peak fractions as 
determined by UV absorption at 280 nra were pooled and 
dialyzed against CAPS buffer to remove urea. The final 
concentrations were determined again by UV absorption and 
also confirmed by comparison with protein standards on 
SDS-PAGE followed by Coomassie blue staining. Typical 
yields were 3-5 mg of purified recombinant FN from 10 1 
of culture supernatant. 


Cell_Soreading_Assav 

The biological activities of recombinant FNs were 
determined by a quantitative cell spreading assay 
modified from that described by Yamada . K.K. and D.W. 
Kennedy. (1984). J^_C e 1 1^_B io 1 ^ 80 :4 9 2 - 4 9 8 and Obara. M. 
et al. (1988). Cell 53:649-657. Restricted areas of 
tissue culture plates were incubated with 25 M l of serial 
dilutions of recombinant FNs for 2 h at room temperature, 
followed by incubation with 2 mg/ml heat-treated bovine 
serum albumin ( BSA) (10 »in at 80'C) in PBS for 2 hr at 
37-C and extensive washing with PBS. Adherent cell lines 
were harvested by brief trypsiniration and then washed 
with PBS containing 0.5 mg/ml soybean trypsin inhibitor 
(Sigma Chemical Co.. Sc. Louis. MO). The cells were 
added to coated plates at 10 5 /ml in growth media without 
serum. Suspension WEHI231 cells were washed with PBS and 
added at 2 x 10 5 /«1. After ?. hr of incubation at 37'C, 
the plates were washed with PBS and fixed in 3 . 7_% 
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formaldehyde in PBS. Percent cell spreading was then 
oecermined by counting three random fields (200-300 

C I 


:ells) using a Nikon inverted phas e - c ontr as t microscope 


Ocher_FN_Functional_Assavs 
05 The effect of various recombinant FNs on NilB.HSV 

cells was examined as described by Ali. I.U. et a 1 . 
(1977) Cell 11:115-126. Two ml of growth medium 
containing 2 x 10 5 cells were seeded in 35mm dishes. 
After 48 h. FNs were added in 100 „1 PBS to give the 
10 desired concentration. Photographs were taken on the 
Nikon inverted phase - contras t microscope 24 h later. 

To examine their effects on cytoskeletal organi- 
zation, recombinant FNs were used to coat coverslips at 
various concentrations. Murine melanoma B16F10 cells or 
15 fibroblastic BHK cells were then plated onto the coated 
coverslips in the absence of serum. 2 h later, the 
distribution of actin bundles and vinculin was visualized 
by immunofluorescence. Briefly, cells were rinsed twice 
in PBS and fixed for 15 min in a freshly prepared 4% 
20 solution of paraformaldehyde (Fluka Chemical Co.. Bern 
Switzerland) in PBS. rinsed and permeab il iz ed with 0.5% 

Cells were stained with mouse 


NP-40 in PBS for 15 min. 


25 


30 


NP-'tU in roa 

mAb against vinculin (Sigma Chemical Co . ) in 10% normal 

~~ ~ n -r • r a € t- e r three washes 

goat serum in PBS for 30 mm at 37 C. After 

with PBS , Che second antibody mixture (rhcdamme- 
conjugated goat anti-mouse I g C and f luo r e s c e in - con J uga t ed 
phalloidin in 10% normal goat serum in PBS. Cappel 
laboratories. Cochranville . PA) was added and incubated 
for 30 min at 37«C. "After three washes, coverslips were 
aoU nted in Gelvatol and examined using a Zeiss Axiophot 
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microscope (Carl Zeiss. Inc., Thornwood. NY) and photo- 
graphed using Kodak Tri-X film (Eastman Kodak Co.. 

Roches cer . NY) . 

Cell migration assay was carried out using a Micro 
05 Chemotaxis Chamber (Neuro Probe Inc.. Cabin John. KD) as 
described by McCarthy. J.B. and L.T. Furcht (1984). J_, 
Cell_Bi£l_ 7:4297-4307. Incorporation of recombinant rat 

into the extracellular matrix of NIH 3T3 cells was 
determined by indirect immunofluorescence as described 
10 above except that mouse monoclonal M9 and rabbit 

antiserum R61 were used as the primary antibody, and 
fluorescein-conjugated goat anti-mouse IgG and 
rhodamine-conjugated goat anti-rabbit IgC were used as 
the second antibody. 

15 Antibodies_and_Pe£tides 

Rabbit polyclonal antisera specific for integrin 
subunits fi.. «,. *nd a were raised against their 
cytoplasmic domains as described previously (Marcanton.o . 
E.E. and R.O. Hynes . (1988). J. Cell. Biol^ 
20 106:1765-1772; Hynes. R.O. et al.. (1989). Fibronectins 
nIw York: Springer -Verlag) . A rat monoclonal antibody 
Rl-2 against mouse integrin « 4 was kindly provided by 
Drs Holzmann and Weissman (Stanford University). This 
antibody was raised against the « & subunit as a part of 
25 ch e murine Peyer's patch- specif ic lymphocyte homing 

receptor (Holzmann. B. et al. (1989). Cell 56:37-46). 
For immunoprecipitation Rl-2 was covalently coupled to 
CNBr-activated Sepharose 4B following standard procedures 
" (Pharmacia Biochemicals Co.. Piscataway. N J ) . Rat 
30 monoclonal antibody against mouse IgM and purified rat 
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IgC were purchased from Accurate Chemical and Scientific 

Co . , Wescbury , NY. 

The V25 V14, VlOa, VlOb and V10 peptides are 
derived from' the sequences in the alternatively spliced V 
05 se B ment of rat FN (see Figures 8 and 9). The V10/1 and 
V10/2 peptides are two scrambled versions of the V10 
peptide containing the same amino acids but in a 
different order. These peptides and GRGDSP and GRGESP 
Jere synthesized using an Applied Biosystems *30A pept.de 
10 synthesizer by solid-phase t-boc chemistry. Peptides 
were cleaved and deprotected using trifluoro- 
methanesulfonic acid and were purified by reverse phase 
HPLC chromatography on a Vydac CIS semi - preparative 
column (Rainin Instruments. Voburn . HA) eluted with 
15 0 %-60% acetonitrile gradient in 0.1% TFA. 

P eo t i de Inhibition_and_Anrtbodv_Block 

peptide inhibition assays, tissue culture di 

were coated with 60 „/«! V form of FN. Purified 
peptides were added with the cells at the time of plating 
20 onto the coated dishes. For antibody blocking 

experiments, cells were preincubated with media con- 
taining various amounts of antibodies for 30 mm at 
before added to the coated dishes in the continued 
presence of the antibodies. AC least three «*«P«*«^ 
25 experiments were performed under each condition, and 

average scores are presented with standard deviations. 

Cell S u r f a c e _ I o din a^^ndllmmunoHllciHi 

cliriurface labeling with Na 125 I (New England 

Nuclear/DuPont. Boston. MA) and lactoperoxidase (Sigma. 


she s 
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St. Louis, MO) of NIH 3T3 cells was as described 
previously (Hynes. R.O.. (1973). Proc^Natl^Acad^Sci^ 
USA 70:3170-3174). For WEHI231 cells, a modified method 
ZTs employed: 2 x 10 8 cells were washed wich PBS + (PBS 
plus 1 raM CaCl 2 and 1 mM MgCl.,) and resuspended in 1 ml 
of PBS + conraining 10 mM D-glucose (EM Science, Cherry 
Hill. NJ). Two millicuries of Na 125 I and a mixture of 
laccoperoxidase and glucose oxidase were Chen added to 
initiate the reaction (final concentrations: .20 «/ml 
10 and. 0.1 U/ml. respectively; Sigma). The labeling was 

allowed to continue for 10 min at room temperature with 
occasional rocking. Cells were then washed twice with 
PBS + containing 150 mM Nal and three more times with 
P B S 

15 Iodinated cells were extracted with 0.5% NP-40. and 

immunoprecipitation was performed as described previously 
(Marcantonio, E.E. andR.0. Hynes. (1988). J^Cell^lol, 
106:1765-1772). To detect integrin « 4> extracts were 
immunoprecipitated using Sepharose coupled with the rat 
20 monoclonal antibody Rl-2. followed by direct recovery by 
boiling for 3 min in the sample buffer (2% SDS , 100 mM 
Tris-HCl [ P H 6.81, 10 mM EDTA, 10% glycerol and bromo- 
phenol blue). For some experiments, integrin complexes 
extracted from labeled WEHI231 cells were first dis- 
25 sociated by heating at 100'C for 2 min in 1% SDS. After 
cooling, a 5-fold excess of Triton X-100 was added, and 
che extracts were precipitated with antiserum against ^ 
as described above. SDS-PAGE was performed by the method 
of Laemmli. U.K. (1970). Nature 227 680-685. Separation 
30 gels were 7% acrylamide with a 3% stacking gel. 
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Dire £ c_Bindin £ _Assav_and_Affinitv_ 

V25^_Seo ha rose 

The V25 peptide was covalently coupled to CNBr- 
activated Sepharose 4B ac 2 mg peptide per ml beads 
)5 according » instructions provided by the manufacturer 

(Pharmacia Biochemicals Co.. Piscataway, NJ ) . For direct 
binding assays, iodinated wEHI231 cells were extracted 
using 200 mM n - octyl - £ - D - glucopy r ano side in 50 mM Trx-lpH 
7.5], 150 mM NaCl . 1 mM MnCl 2 . 1 mM MgCl 2 . 1 mM CaCl 2 

these extracts were incubated 
10 (TBMMC) for 30 mm on ice. These 

with V25-Sepharose beads for 3 hr at 4-C. followed by 
washing in 50 mM n - oc tyl -/J - D - glucopy r ano s i de in TBMMC 
(washing buffer) four times. The bound material w.. . then 
eluted with the sample buffer and subjected to SDS-PACE 

15 as described above. 

For affinity chromatography , 2 ml of "» 
l25 I-label.d HEHI231 colls were loaded onco 1 ml (packed 
volume) V25-Sepharo.e by incub.cion at 4-C for 1 hr , 
followed by washing with 30 ml of w,shtn 8 buffer. 
20 Columns were eluted wich 2 .1 of washing. """hint 
c.lning 1 mg/ml VI. peptide, followed by 1.1 •'<•">"» 
buffer. 2 ml of washing buffer containing 1 »g/« . V10 
peptide, and 2 .1 of washing buffer. Tractions of ,00 „l 
were collected, and 40 ,1 of each fraction were analyzed 
2S by SOS-PACE. P.-* fractions eluted by the ,1* and ,10 

peptide, were pooled, i.munoprec ip i ta ted and ...1,. bT 
,0.-».«. along with the starting material, as described 
above . 


-44 - 


Pepcide inhibition experiments were performed to 
define Che active sice in che V segment for interaction 
with WEHI231 cells and thus to facilitate the identifi- 
cation of a receptor from these cells. Its effect on 
WEHI231 cell spreading was examined by including the 
soluble peptide in spreading assays on saturating amounts 
of the V form of FN (60 /ig/ml) . The V25 peptide in- 
hibited the spreading of WEHI231 cells in a dose- 
dependent manner. At a concentration of 300 /ig/ral , che 
inhibition was greater than 80%. By contrast, che 
peptide had little effect on the spreading of NIH 3T3 
cells on FN, demonstrating its specificity. The effect 
of peptides GRGDSP and GRGESP on WEHI231 cell spreading 
was also examined. Neither of these two peptides signi- 
ficantly inhibited WEHI231 cell spreading on che V form 
of FN, although the GRGDSP peptide blocked the attachment 
and spreading of NIH 3T3 cells on FN as expected. 

Shorter peptides from within this segment were 
synthesized and tested for their ability to inhibit 
WEHI231 cell spreading (Figure 9). Whereas a 10 amino 
acid peptide (V10) comprising the C-terminal segment of 
the V25 peptide was almost as effective an inhibitor of 
spreading as the V25 peptide itself, two other 10 amino 
acid peptides, VlOa and VlOb , were ineffective in inhi- 
bition, as were two scrambled peptides, V10S1 and V10S2, 
which contained the same amino acids as V10 but in 
different orders (Figure 9). In these experiments, a 14 
amino acid peptide, V14 , whicji overlaps partially with 
V10, and GRGDSP both showed slight inhibition of 
spreading. These data localize the site within V25 that 
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10 


is necessary for pr..otin 6 cell spre.din S CO a 10 

"Ts"no„n than inc.arin i» • "3 « functional 

FB receptor on -any cells includin* >IH 3T3 ells 
<S.lowska ec al. 1989) and It r.co 8 niz.s the 
b indi„ s do.ain of FN < P l.« schb.cher , H.D.. and Ruo.lahCi. 
E Nature, 309:30-33 (lS»t); Pi.rschbach.r , M.D.. and 
= " lanTT I~~~Pr.e. Natl . _*c.d_Sc i^USA . 81:5985-5988 

Ruoslahtl, E.. IS 40-191-198 (1985); 

(W8*>: Pytela. R-. £S al.. Cell- i2' 19 

Ruoslahti. ... and Pie rscho.che r . H.C towns.. Ill- 

(1987); Buck. C.A.. and Hor»,cz. »• 
C.ll Biol.. 3:179-205 (1987); Hyn.s . R.O.. Cell. i>. 
lit IITT^)). This can explain c h e si.ilar d.arees of 


encral cell binding domain 

n F^rms un che other hand, it appears 
all forms. - un u surface of WEHI231 

ferenc FN receptor is expressed on the surface o 


15 FNs since che c ^ ^ _ ^ a dif _ 

V form o f FN , 


spreads of S X» 3 T 3 cells on all f or.s _ o f _ racoon ^ 

c a dif- 
:e of WEI 

which ... ... »«* v 

chr.u 6 h recognition of the .lc.rnaciv.ly aplxc.d 

20 "^e surface inc.crln expression on U ,H I2 31 cells in 

w nth 3T3 cells were characterized 

;;r:::: r^:r 

,4 fl itatBd with several different: 
extracts were immunor^ciu 

25 antibodies . 

deluding mouse (Harcantonio . E.E.. and Hynes , ' 
Cell Biol 106:1765-1772 (1988)). The antiserum pre- 
C e 1 1_B i o 1 ^ — " (around 120 kd) together with the 

30 cipitated ^ suburti" (arc ^ 
larger a subunits from both NIH 
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Two «-specific antiseta (« 3 and «,) were also raised 
against their cytoplasmic domain peptides (Hynes, R.O.. 
e£ £l J^_Cell_Biol^. 109: 409-420 (1989)) and cross- 
^eact with the mouse proteins (Solowska et al.(1989)). 
05 Both a, and « 5 were precipitated from the HIH 3T3 cell 
extract but not from WEHI231 cell extracts. The fourth 
antibody (rat monoclonal Rl-2) was raised against the 
mouse integrin « 4 subunit. which is part of the mur.ne 
p-eyer's patch- specif ic lymphocyte homing receptor 
(Holzmann. B.. e t a 1 . . Cell. 56:37-46 (1989)). Sepharose 
beads coupled with this antibody did not react with any 
proteins from HIH 3T3 cells but precipitated a major 
protein complex from VEHI231 cells, which comigrated w.th 
that precipitated by antibody against the integr.n ^ 
subunit from the same cells. 

Two smaller proteins <M r 70,000 and M r 80.000) were 
sometimes present in immunoprecipitates of the o ^ 
complex. These are probably the degradation products of 

up - r ,i j Biol. Chen. , 
the a, subunit (Healer, M . E . . et al.. J^_£± 

4 .,„„-,x. u-i..,™«„ eC al.. Ibid). Perhaps 


10 


15 


20 


262-11478-11A85 (1987): Holtzman et al. . Ibid) 
Clause of extensive postradiational modification in 

A from 


WEHI231 cells, the 


a band could not be resolved from 0 l 

4 . , 


25 


v.ry .all on SDS - PAGE . T. confirm char ch. h. car o g.n.ous 
..... ranging fro. H, 120.000 Co M, 150.000 .a. inda.d 
c.p.sad of rwo noncov.l.ncly as.oei.r.d .«.«««. 
of inc.grina. i.-unopracipitacions with an.is.ru. .,.«« 
B boch b.for. and afr.r SDS d.n.cur.cion war. carried 

oic. only «b. !.«« P"« ° f th * »" r P""" 1 """ 
by th. anci.aru. aftar dissociation of th. co.pl.* by 
30 SDS . This also .ugg.sc.d that th. cpp« pare ... «h. .. 


subunit. in agreement with its molecular weight of 


✓ 1/ / %J WJWtw 
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15 


150 000 (Hemler. et al. , Ibid (1987); Holzmann ec a 1 . . 
Ibid). Furthermore. Che typical shift in apparent 
B olecular weight on SDS-PAGE of the ^ subunit after 
reduction was not observed, perhaps because of the 
05 heterogeneity within the band. These results indicated 
chat major integrin complexes on NIH 3T3 cells were ^/J, 
and a^,. while the major one on UEHI231 cells was a^. 
and raise the possibility that is the cell surface 

receptor of WEHI231 cells responsible for their spreading 

10 on the V form of FN. 

Since the V25 region is probably the active sue m 
che V segment, this peptide was coupled to Sepharose 
beads and used to identify the WEHI231 cell receptor for 
che alternatively spliced V segment of rat FN. V25- 
Sepharose beads were used in a direct binding 
VEHI231 cells were surface labeled with I. "tracced 

„ich n-octyl glucoside. and then incubaced either wich 
ra o Cl c-accivaced Sepharose beads or wich 

beads in the absence or presence of various competing 
peptides. The bound materials were eluted with 
analyzed by SDS-PAGE. Cell surface proteins appearing on 
ch e gel as a heterogenous smear between 120-150 *d were 
shown to bind to V25 -Sepharose beads specifically The 
heterogenous smear in this region is reminiscent of the 
integrin a.fi. immunop r ec ip i tated from the surrace of 
WEHI231 ce^s. suggesting possibly a direct -traction 
of integrin with the V25 peptide. Furthermore, this 

as well as by the V10 peptide. The VI* peptide . also 
partially inhibited the binding (estimated at 25% ^ 
densitometry), while peptides CRCDSP or CRCESP had little 


20 


25 


30 
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effect on the binding. The control peptides VlOa, VlOb , 
and V10s2 (see Figure 18) were also ineffective in 
blocking binding. These results parallel the effective- 
ness of these peptides in inhibiting VEHI231 cell 
05 spreading on the V form of FN (Figure 9). In these 

direct binding experiments, the scrambled control pep- 
tide. VIOsl. inhibited partially. 

Taken together, these results support the hypothesis 
that the V25 peptide is the active site for mediating 
10 WEHI231 cell spreading rather than inhibiting the cell 

spreading by interfering with a nearby site. The paral- 
lelism between the ability of various peptides to inhibit 
VEHI231 cell spreading and their ability to interfere 
with the binding of the 120-150 kd proteins to V25- 
15 Sepharose strongly suggests that the 120-150 kd proteins 
are the cell surface receptor mediating the spreading. 

To test whether the 120-150 kd proteins are integrin 
complex o^. V2 5 - S ephar o s e column was then used to 
purify the receptor by affinity chromatography. WEHI231 
20 cells were iodinated and extracted with n-octyl glucoside 
in buffer containing divalent cations. The extracts were 
loaded onto the V25 - Sepharose column by incubating with 
the beads for 1 hour at A'C and then washed extensively. 
The bound materials were eluted sequentially with buffers 
25 containing 1 mg/ml VIA peptide and 1 mg/ml V10 peptide. 
Aliquots of each fraction were analyzed on SDS-PAGE. 
Consistent with the direct binding experiments, proteins 
migrating as a 120-150 kd smear on the gel were bound to 
V25-Sepharose beads. About- A0% of the bound material (as 


30 


estimated by cpm) was eluted with the VIA peptide, and 
the remainder was eluted with the V10 peptide. 
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Furthermore, the same bound material could be eluted 
completely with either the V25 peptide or the V10 peptide 
when applied first. Fractions from both VIA peptide 
eluates (peak I) and V10 peptide eluates (peak II) were 
then pooled and analyzed along with the starting material 
by immunoprecipitation with several antibodies specific 
for integrin subunits. The antibodies against either the 
integrin ^ or a, subunits precipitated the 120-150 kd 
proteins from both peak I and peak II. as well as from 
10 the starting material. These results suggested that the 
120-150 kd proteins bound to V25 - Sepharose beads were 

a eomnlex The results indicate 
indeed the integrin complex. 

eh.c inc.srin a hfl 1. « ™ •»"«; '"' 

,...,.1... ch. alternatively spliced V2S. Th» 

j- • a n comolexes isolated from 

15 conclusion was confirmed for compie 

rau rine melanoma B16-F10 cells. The results also suggest 
ch at the interaction between integrin and the V25 

peptide occurs in the V10 peptide region but could be 
affected partially by the overlapping VIA peptide. 

To prove that the interaction between integrin 
and the V25 peptide in the V form of FN is lbl " 
for mediating WEHI231 cell spreading on the V form of FN 
an antibody blocking experiment was carried out. WEHI231 
cells were preincubated with the rat monoclonal antibody 
Rl-2 specific for integrin « 4 . anti-IgM or rat IgG 
antibodies for 30 min at 4-C. The cells -re then ...d.d 
in the dishes coated with saturating amounts (60 Mg/ml) 
of th e V form of FN. The percentage of cell spreading 

^^rar^d At two different concentrations, 
was then quantitated. At tw 

R l-2 almost completely abolished the spreading of WEHI231 
cells (>95% reduction). In contrast, spreading of 


20 


25 


30 
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control samples incubated with Rat IgC was not affected 
significantly. Furthermore, incubation with a rat 
monoclonal antibody against mouse I gM . a major surface 
protein of WEHI231 cells (Ralph, P.. Immune l^_Re v. 

05 -48:107-121 (1979)). did not inhibit its spreading 

appreciably. This excluded the possibility that Rl - 2 
blocked WEHI231 cell spreading simply by binding to their 
surfaces. Since Rl-2 is a monospecific antibody for 
mouse integrin a,, these results prove that lymphoid 

10 WEHI231 cells respond to the V form of. FN in vitro by 
their surface integrin receptor 

Those skilled in the art will recognize, or be able 
co ascertain, using no more than routine experimentation. 
15 numerous equivalents to the specific substances and 
procedures described herein. Such equivalents are 
considered to be within the scope of this invention, and 
are covered by the following claims. 
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CLAIMS 


A method of producing. a homogeneous recombinant 
cellular fibronectin homodimer chat is biologically 
active, comprising introducing into an appropriate 
host cell a recombinant vector comprising a full 
length cDNA encoding cellular fibronectin of 
mammalian origin and maintaining cells containing 
the recombinant vector under conditions appropriate 
for expression of the cellular fibronectin. 

A method of Claim 1. wherein the cellular fibro- 
nectin of mammalian origin is rat cellular fibro- 
nectin or human cellular fibronectin. 

A method of producing a recombinant cellular fibro- 
nectin which is a homodimer. comprising transfecting 
an appropriate host cell with a recombinant retro- 
virus comprising full length cDNA encoding a 
cellular fibronectin of mammalian origin and main- 
taining cells transfected with the recombinant 
retrovirus under conditions appropriate for inte- 
gration of the cDNA into host cell genomic DNA and 
expression of the integrated cDNA. 


U. A method of Claim 3. wherein the host cell is NIH 
3T3 cells or WEH1231 cells. 

5 A method of' Claim 4. wherein the cellular 

25 fibronectin of mammalian origin is rat cellular 

fibronectin or human cellular fibronectin. 
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„ a n n i a r f ibroneccin 
A recombinant homogeneous cellular 

acriva. produced by ch. -echod of Cl.« 1. 


10 


A r ,e,„ bl n.„ c — f t ":;:;:;i:.n, 

h...ci.« of »a»».lia» origin «*" " " 

Produced b y ch. ...hod of Clai. 3. 

~ ^Uular f ibroncctin 
A reco.bin.n. """ t ^ e Lm llol . Bl „n, 

rfim.r of mammalian origin that 

"■ ttl! , o£ M „.li« origin and .aincaining 

l n th . „«..bln.»c veccor under 
cells containing trie t. 

• -„ €ov expression of the 
conditions appropriate for exp 

15 cellular fibronectin. 

co „bin.nc — t::::x^ 

u «*imer of mammalian origin that is 

««■ - »« 

, reco.binanr no.ogen.ou. "/^i:.,,, 

v. -odimer of mammalian origin that 
homodimer o £ noC present, 

active, in which region EIIIA 

k- ant retrovirus comprising a full length 
x recombinant «« . ln of oanmalia n 

cDNA encoding cellular 

ori gin . 
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12. A recombinant retrovirus of Claim 11. which further 


comprises a gene encoding a 


lectable marker. 


13. A recombinant retrovirus of Claim 13, wherein the 
gene encodes G418 resistance. 

14. A recombinant cellular fibronectin of mammalian 
origin in which the carboxy terminal 25 amino acids 
of region V are not present. 


A recombinant cellular fibronectin of Claim 14, 
wherein the fibronectin is a heterodimer or 
10 homo'dimer . 
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